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Franklin Air Compressors 





FRANKLIN CORLISS 


A standard line of Air Compressors arranged for operating directly by Steam or by Electric 
Motor, through Gears or Belt, in capacities from 30 to 5000 cubic feet of free air per miuute. 


—— MANUFACTURED BY —— 


| CHICAGO PNEUMATIC TOOL COMPANY 


General Offices: CHICAGO. Eastern Office: NEW YORK 


Branches: Everywhere. 











Published by THE COMPRESSED AIR MAGAZINE CO., Easton, Pa. 
NEW YORK, Bowling Green Building LONDON, 165 Queen Victoria Street 


Classified Buyers’ Guide, Page 12. Index to Advertisers, Page 8. 
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LUBROL 


The world’s standard lubricants for machinery propelled by compressed air. 
Lubroleine-Air-Cylinder Oil, Lubroleine-B-Steam Cylinder Oil, 


(non-carbonizing) . e . 
Lubroleine Air Drill Oil, Lubroleine Steam Drill Oil, 
Lubroleine-B-Engine Oil, 
(for compressor bearings and electric air drills). 


Write for prices and full information. 





Fiske Brothers Refining Company 


ESTABLISHED 1870 
New York, U. S. A. 


Cable Address: ‘“‘LUBROLEINE.” 








Goodrich Hose 


FOR MECHANICAL USE 
Air Drill Hose 
Steam Hose 
Pneumatic Tool Hose 


Distinguished by 


The Mark =e of Quality 


MANUFACTURED BY 


GhAe B. F. Goodrich Co., AKron, Ohio 


CHICAGO PHILADELPHIA BOSTON ST. LOU'S DENVER DETROIT 
KANSAS CITY MINNEAPOLIS PITTSBURG ATLANTA 
CLEVELAND PARIS LOND 


Our Products are also handled in 
NEW YORK by BUFFALO 


THE B. F. GOODRICH COMPANY OF NEW YORK 


and in 
SAN FRANCISCO LOS ANGELES SEATTLE 


m See eralchs aes toitae doaiiad a, tie aaa tae an aa aa ” 
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The Isbell Vanner 


Is being adopted by all modern concentrating mills 
where up-to-date equipment and close saving, combined 
with economy of operation, are sought for. 











The Isbell Vanner is as far in advance, from both a mechanical 


and metallurgical standpoint, of the present type of vanning 
machines. as the present day percussion table is ahead of the old 
Gilpin County Bumper. 


Adopted by one of the largest concentrating plants now in course 
of construction. 


Send for Bulletin No. 700. 


THE GALIGHER 
MACHINERY COMPANY 


Manufacturers and Sole Agents 


J. E. GALIGHER, Manager SALT LAKE CITY, UTAH 
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A BARGAIN 
IN AIR 


If you wish to turn steam 
into air power at the lowest 
possible cost, get a Sullivan 
Tandem Corliss Air Com- 
pressor. { Full Corliss valve 
gear on both steam cylinders, 
secures the minimum fuel 
consumption. q Air effi- “4 10,000 cubic foot plant of Corliss Tandem Compressors 
ciency is provided by two-stage compression, with large intercooling 
area. “ Economy in floor space and foundations results from tandem 
construction. Ask us for Bulletin 958-D. 
ROCK DRILLS CHANNELERS COAL CUTTERS DIAMOND DRILLS 


Sullivan Machinery Co. 


Butte, Mont. El Paso 150 MICHIGAN AVENUE ort hein San Francisco 
Birmingham, Ala. Joplin, Mo. ittsburg, Salt Lake 
Claremont, N H. Knoxville CH ICAGO, ILL. Paris, France Seattle 
Denver, Colo. Nelson, B. C. 4 St. Louis Spokane 
Cable Address: ‘Diamond,’ Chicago. 
Codes Used: “A.I.”’ “A. B.C.” “Fraser & Chalmers,’’ ‘‘Liebers,’’ ‘‘Western Union.”’ 




















Lidgerwood Hoisting Engines 









STEAM AND ELECTRIC 


MORE THAN 300 REGULAR STYLES and SIZES 





All made by the duplicate part system, 
and contain many Special Features 
which commend them to the operator 
and owner because of their ease and 
facility of operation. 





PATENT CORK INSERT FRICTIONS 





Special Hoists for Mines, Quarries, 
Car Hauling, etc., up to 1,000 H. P., 
built to order. 


LIDGERWOUOD SfANDARD CONTRACTOR’S HOIST 


Lidgerwood Mfg. Co., 96 Liberty St., New York, N.Y. 
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The Slogan of the Cameron:—“Character: The Grandest Thing.” 


‘CAMERON PUMPS 








REGULAR 
PATTERN 
PUMP 


What Amount Do You Pay 


For Pump Service Per Year? 





The price of a pump divided by the number of years it gives efficient serbice 
—with the cost of power and repairs considered—gives a true estimate of its value. 

Judged by this value Cameron Pumps are found to be the most economical 
and satisfactory you can buy. 

There are excellent reasons for this: Simplicity of design, superiority of 
material, fewer working parts than any other steam pump made; no outside 
valve gear, and a compact, strong and durable construction. 

All of these qualities are of intensified importance to the careful buyer of per- 
manent pump equipment. If you want to pay the lowest price for efficient pump 
service be sure to install the CAMERON. 


Interested pump users may have a copy of Cameron Catalog 11 upon request. 


A. §. CAMERON STEAM PUMP WORKS 


FOOT OF EAST TWENTY-THIRD STREET, NEW YORK 
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MASON Gardner - Rix Compressor 
Reducing Valves 


ARE THE WORLD’S STANDARD 


Will reduce and 
maintain an even 
pressure of 





Steam, 
Ai 
Ir 
or Enclosed, Self-Oiling and Noiseless. 
High Speed—single and duplex types. 
Water Automatic lubrication, no cross heads or stuff- 
ing boxes. Renewable bearings. 
Can be directly connected to gasoline engine or 
motor. 
WRITE FOR NEW CATALOGUE Write for information on this machine, also on 


our horizontal belt and steam compressors, 


Mason Regulator Co. 


Boston, Mass., U. S. A. Gardner Governor Compressor Co. 


QUINCY, ILL. 











THE COOPER CORLISS 














ALL WRITE FOR 
SIZES AND OUR 
TYPES 


BOOKLET 





BUILT BY 


The C. & G. Cooper Co. 


Home Office and Works— MT. VERNON, Ohio 





BRANCH OFrFricets: 


BOSTON, 201 Devonshire Street PITTSBURGH, 604 Frick Building 
PHILADELPHIA, Drexel Building ATLANTA, 310 Candler Building 
CHICAGO, 1539 First National Bank Building 


NEW YORK, 1419 Bowling Green Building | CHARLOTTE, N. C., Court House Square 
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IMPERIAL” 2onenc.con 
COMPRESSORS 





Th A glance at an ‘Imperial’? Compressor, or at its picture, 
é reveals the distinctive design which differentiates it 
from every other type. 
Compressor Sturdy strength and rugged simplicity are emphasized in 
every one of its lines; and investigation of its construc- 
e tion only reveals other superiorities which do not show 
With al on the surface. 


ge : Note some of the distinctive ‘‘Imperial’’ features:—Enclosed, 
d d t 5 dust-proof construction; flood lubrication; a unit struc- 
1 IVI lle I y ture,one main frame uniting and supporting all parts; 
maximum capacity with minimum floor space; imme- 
diate access to every part; all the self-contained quality 
of the plainest straight line type; a unique simplicity; 
‘Imperial Corliss’? inlet: and ‘‘Imperial Direct Lift’ 
discharge valves. 

Within its range of capacities there is no better compressor 
made than the ‘‘Imperial X’’ Meyer steam driven, and 
the ‘‘Imperial XB'’ power driven. 

Many existing compressor types are patterned after the 
‘‘Imperial.’? But a comparison of design, materials and 
workmanship reveals the fact that there is, after all, 
only one ‘‘Imperial’’—the original. 


Ingersoll-Rand Co. 


NEW YORK LONDON 


DOMESTIC OFFICES: 


Birmingham Butte Cleveland El Paso New York St. Louis San Francisco 
Boston Chicago Denver Los Angeles Philadelphia Salt Lake Seattle 
Duluth Pittsburg 
FOREIGN OFFICES: 
Budapest Johannesburg Melbourne Montreal Valparaiso 
Dusseldorf Kobe Mexico Paris Yokohama 
London Toronto 
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ENGINEERS 


AND 


CONTRACTORS 





Clean-Washed Material Permits Accurate Sorting 


™ “CRANE” 





COLLECTS 


Rich ‘‘Fines’’ by Screening 
Rich ‘‘Slimes’’ by Washing 
Rich ‘“‘Lumps’”’ by. Picking 


Complete Plants for Con- 
centration, Cyaniding, Chlor- 
ination and Smelting of Ores. 


Stearns = Roger 
Mfg. Co. 
1718 California St., 
DENVER, - COLO. 
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WHY ARE “AJAX” DRILL SHARPENERS SUPERIOR TO ALL OTHERS? 








BECAUSE- 


They use Ingersoll-Rand Drills for hammers, mak- 
ing it possible to secure duplicate parts of these most 
important features anywhere. 

All parts are made much heavier than even the 
most severe stresses upon them require. 

The dies and dolly are much larger, insuring long 
life and low cost of renewal. 


Mfg. by T. H. PROSKE, 
Denver, Colo. 


BECAUSE— 

They can be operated either as right or left-handed 
machines—an exclusive ‘‘Ajax’’ feature. 
Pp bd use no power when not actually sharpening 

rills. 

They will sharpen drills faster and better than any 
other known way. 

They are more economical in operation and up- 
keep, and will outlast any other sharpener. 


Sold by INGERSOLL-RAND CO. 
All over the world. 











For Use on the Leading Makes of Air Compressors 








ARGON COMPRESSOR OIL 
For Air Cylinders of Electric-driven 
Compressors. 
ARIO COMPRESSOR OIL 
For Air Cylinders of Steam-driven 
Compressors. 


VACUUM 600 W CYLINDER OIL 
For Steam Cylinders of Compressors. 


KEARSARGE ENGINE OIL 
For Bearings of Compressors. 


For SALE By 


STANDARD OIL CO. 


(Incorporated.) 


THE ATLANTIC REFINING CO. 


(Incorporated.) 


CONTINENTAL OIL CO. 


(Incorporated.) 





VACUUM PALE COMPRESSOR OIL 


For Air Cylinders of Steam-driven 
Compressors. 


VACUUM 600 W CYLINDER OIL 


For Steam Cylinders of Compressors. 


VACUUM ETNA MACHINE OIL 


For Bearings of Compressors. 


| For SALE By 


VACUUM OIL COMPANY 


| (Incorporated.) 
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Sand-Blast Logic 


‘*PANGBORN’”’ Modern High Presure 
SIX REASONS WHY SAND-BLAST Systems Lead the World 
First Developed after five years close study and the experience 


gained through installing more Sand-Blasts than all other 
makes combined. 





Second Designed on thoroughly scientific principals with the ablest 

————_ engineering skill, and in each and every particular made of the 
best materials on earth. Efficiency and durability the only 
consideration. 


Third n every respect with the exception of first cost—which we 
—— have no disposition to meet with the sacrifice of design and 

efficiency—they aeepring 4 excell in every point, and our sys- 
tems are altogether the best investment. Hundreds of users 
and testimonials giving results obtained, are substantial proof. 

Fourth Cost of maintenance 50 per cent, below other makes. 

Fifth Will accomplish 100 per cent. more. work. 

Sixth Will do much better work. 

Installed on Guaranteed Results 


CALL EQUIPMENT EXHIBITED OPERATING 


DESIGNERS tuomas . PA NGBORN COMPANY LABOR-SAVING 


MANUFACTURERS EQUIPMENT 
NEW YORK FOR FOUNDRIES 


GENERAL OFFICES, 94 WEST STREET 


























TheRepublic Rubber Co. 


Manufacturers of 


igh Grade Hose 


for Steam, Air Drill, Suction, Water. etc. 


Rubber Belting and ‘Oalves 


FACTORIES 
YOUNGSTOWN, Ohio 


BRANCHES 
NEW YORK CHICAGO w ST. LOUIS 











Tell the Advertiser You Saw His Ad. in COMPRESSED AIR MAGAZINE. 





SECOND EDITION, REVISED AND ENLARGED 


COMPRESSED 
AIR PLANT 


THE PRODUCTION, TRANSMISSION AND 
USE OF COMPRESSED AIR, WITH 
SPECIAL REFERENCE TO 
MINE SERVICE 


BY 
ROBERT PEELE 


Mining Engineer and Professor of Mining in the 
School of Mines, Columbia University 


As compared with the first edition the size of the second 
edition is increased 174 pages and the illustrations increased 97 


figures. 
The price is advanced from $3.00 (12/6 net) to $3.50 net 
(15/- net). 


CONTENTS 

PART I.—PrRopvUCTION OF COMPRESSED AIR: Introduction. Development 
of Air Compressors. Compressed Air versus Steam and Electric Transmission 
of Power. Structure and Operation of Compressors., The Compression of Air. 
Wet Compressors. Dry Compressors. Compound or Stage Compressors. Air 
Inlet Valves. Discharge or Delivery Valves. Mechanically Controlled Air 
Valves and Valve Motions. Performance of Air Compressors. Air Receivers. 
Speed and Pressure Regulators for Compressors. Air Compression at Altitudes 
above Sea-Level. Explosions in Compressors and Receivers. Air Compression 
by the Direct Action of Falling Water. 

PART II.—TRANSMISSION AND USE OF COMPRESSED AIR: Conveyance of 
Compressed Airin Pipes. Compressed-Air Engines. Freezing of Moisture De- 
posited from Compressed Air. Rekeating Compressed Air. Compressed-Air 
Rock-Drills. Compressed-Air Hammer Drills, Coal Cutting Machines. Chan- 
neling Machines. Operation of Mine Pumps by Compressed Air. Pumping by 
the Direct Action of Compressed Air. Compressed-Air Haulage for Mines. 





PREFACE TO THE SECOND EDITION 


This edition has been revised and substantially enlarged. 
Among the principal additions are some 90 pages of text and 63 
illustrations, relating to the construction and operation of rock- 
drills, coal-cutting machines and channeling machines. This 
material is contained in Chapters XX, XXI, XXII, and XXIII. The 
detailed records of work of machine drills, in Chapters XX and XXI, 
I believe, will be found useful. Most of the data has not before 
been in print. 

In Chapter III the theory of the compression of air is presented 
in greater detail, together with its applications to the operation and 
performance of compressors. The deductions of the more important 
formule are also given, such as those used for calculating the horse- 
power required for single- and multiple-stage compression. In this 
connection I desire to acknowledge the kind assistance of Professor 
Charles E. Lucke, of Columbia University, and Professor H. J. 
Thorkelson, of the University of Wisconsin. To Dr. Lucke my 
* thanks are due for the use of his valuable, and hitherto unpublished, 
notes relating to the work cycles of air compression, with and with- 
out clearance. I would call attention also to the records of com- 
pressor tests in the latter part of Chapter X. These comprise a few 
typical tests, selected from a large number recently made by Mr. 
R. L. Webb, Mechanical Engineer, on compressors of different kinds 
in a well-known Canadian mining district. 

Other new material has also been added, relative to the piston 
clearance of the air cylinders of compressors, and the ratio of inlet 
valve area to cylinder area. Numerous minor additions to the text 
have been made, together with corrections and alterations where re- 
quired. The new matter aggregates some 135 pages of text and 87 
illustrations. Many of the illustrations have been furnished by the 
respective makers of the machinery, to whom credit is duly given. 
In preparing this revision I have kept in mind certain kindly criticisms 
and suggestions received from readers of the first edition. 


mar. 


NEW YORK, June, 1910. 


8vo, xvi + 502 pages, 209 figures. Cloth, $3.50 net(15/- net) 


FOR SALE BY 
THE COMPRESSED AIR MAGAZINE CO. 
11 BROADWAY, NEW YORK CITY 
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FIG. 1. 


THESPIRAL TUNNELS OF THE CANA- 
DIAN PACIFIC RAILWAY 

The completion of two spiral tunnels on 
the Canadian Pacific Ry., which are a part of 
the relocated line through the Selkirk Moun- 
tains in British Columbia, eliminates one of 
the steepest grades (4.5 per cent. compensated) 
on any standard gage railway. The following 
account of the construction of these tunnels 
we abstract from an authorized article in a 
recent issue of Engineering-Contracting. 

The tunnels are built on 10° curves and a 
grade of 2.2 per cent., which, in the tunnels, is 
reduced to 0.06’ per degree of curvature or 
to a grade of 1.6 per cent. The length of tun- 
nel No. 1, is 3,206 ft. and the length of No. 2is 
2,800 ft. In section the tunnel is 22 ft. 6 ins. wide 
and 16 ft. 3 ins. high to the springing line,. with 


BOTH PORTALS OF TUNNEL NO. 1. 


a semi-circular arch of 11 ft. 3 ins. radius. 
Where timbering was not necessary these di- 
mensions were somewhat less, but allowed for 
the placing of a future concrete lining, 2 ft. 
thick, as shown by the section in Fig. 3. 

The tunnels were driven through crystal- 
lized limestone which was somewhat uniform 
in tunnel No. 1, with a dip of 20° to the north- 
east, but which in tunnel No. 2 was very ir- 
regularly stratified. The strike, of course, 
was made at angles to the face, as each tun- 
nel made a turn of over 230°. Work on tun- 
nel No. 1 was commenced in January, 1908. 
The work on both tunnels was prosecuted con- 
tinuously from that time until June, 1910, when 
the tunnels were completed. Tunnel No. 2 
was started a month later and finished a month 
earlier than tunnel No. 1. An average of 176.9 
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. FIG, 2. 


ft. per month was made on tunnel No. 1 for 
18 months, and 171.3 ft. per month progress 
made tunnel No. 2 for 17 months. 
Each tunnel was worked with two headings. 
It was first intended to do the mucking by 
hand but after a short trial it was decided to 
install four Marion shovels for this purpose. 


was on 


These shovels were operated by compressed 
air and their use necessitated doubling the 
compressor and boiler capacity of the plant. 
The plant furnishing compressed air and light 
to tunnel No. 1 was located near switch No. 
3 of the old railway line as shown by Fig. 2. 
This was about 250 ft. below the elevation of 
the tunnel portal. The plant for tunnel No. 2 
was located at the river about 1,500 ft. from 
the portal. A list of the entire plant used is as 
foll« WS: 
Joilers : 

2 100 hp. (return tubular). 

4 80 hp. Jencks locomotive type. 

2 100 hp. Jencks locomotive type. 

1 100 hp. Brady-Mumphard. 

Engines: 

1 Comstock Climax engine; 7xI0 ins., 25 hp. 

1 Comstock Climax engine; 4x5 ins., 4 hp. 

1 American hoisting engine with boiler; 7x 
10 ins, 25 hp. 

1 Little Giant Hoisting engine; 5x7 ins., 8 
hp. 

Air Compressors: 

1 Straight line, Ingersoll-Sergeant (24 and 
2614x30 ins.) ; capacity 1,425 cu. ft. free air 
per min. 

1 Straight line, Ingersoll-Rand (20 
20 x30 ins.) ; capacity 1,100 cu. ft. free air per 


and 


min. 
1 Cross-compound American-Rand; air cyl- 
inders 22 and 13x16 ins.; steam cylinders 14 


PLAN OF OLD AND NEW LINE, 


and 24x16 ins.; capacity 1,050 cu. ft. of free air 
per min. 
Pumps: 

1 Atlantic, 7x414x6 ins. 

8 Fairbanks-Morse duplex; 6 ram pattern; 
2 piston plunger pattern; 6x4x6 ins. to 8x5xI2 
ins. 

Generators: 

2 Westinghouse d. c., 6 kw., 125 volts. 

1 General Electric d. c., 25 kw., 250 volts. 
Drills and Shovels: 

22 Canadian-Rand Little Giant rock drills. 

6 Ingersoll-Sergeant rock drills. 

4 No. 20 Marion steam shovels (operated by 
air). 

The efiect of the 6,000 ft. elevation above 
sea level and the cold winter was shown on 
The effect was in 
pressure 


the mechanical equipment. 
the of the atmospheric 
about 3 Ibs. per sq. in., and a reduction of the 


reduction 
temperature. Puring very cold weather dif- 
ficultv was experienced by the freezing of the 
moisture the This trouble oc 
curred where the pipes were practically level, 
but not inside the tunnels. In order to obviate 
this difficulty additional air receivers were 
placed in the lines, but they served only par- 
tially to overcome it. 

The top heading and bench method was used 
in driving the tunnel. The heading included 
the area described by the semicircular arch, 
and the bench included the balance of the tun- 
nel section. Two shifts of 10 hours each were 
worked each day, with the exception of the 
shovel who mucked their round. In 
each heading 6 to 8 drills on four columns 
were used, with 1 driller and 1 helper for 
each drill used. Figure 3 shows the approxi- 
mate location of the drill holes for both tim- 


in air lines. 


crews, 


COMPRESSED AIR MAGAZINE. 


There were 
two rows of cut holes about 12 ft. deep. The 
cut holes were from 2 to 3 ft. from the cen- 


bered and untimbered sections. 


ter line and were “cut” so as nearly to cross 
the center line. The location of the side holes 
was vacied considerably according to the char- 
acter of the rock. 
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FIG. 3. TUNNEL SECTION. 


The bench, which was kept 10 to 12 ft. 
back from the face of the heading, was drilled 
with 6 down holes sloped as shown by Fig. 3; 
also a row of 6 lifter holes, 12 ft. deep, pointed 
so as to reach about 1 ft. below the sub-grade. 
The rock was crystallized limestone and very 
brittle. The center line of the tunnel being, as 
it was, on a circular arc, the rock strata were 
encountered at all angles to the drill holes and 
small pieces broke off inside the holes and 
jammed the bits. 
tried, but 


Various shapes of bits were 
the use of small pieces of iron, 
thrown into the hole, proved most effective. 

The shovels were used almost entirely for 
the mucking, with the exception of sufficiently 
mucking back from the heading to allow the 
setting up of the drills, and this was done by 
the drillers and helpers. 

The mucking was usually completed by the 
time the down holes in the bench were drilled 
and the shovel was then moved back about 150 
ft. until the lifter holes were drilled and all 
holes were fired. 

The cut holes were loaded for springing. 
They were then sprung and fired. The side 
rounds, the down bench holes, and the lifters 
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were shot at one time. The bench, being kept 
close to the heading, allowed the muck to be 
thrown down with that from the bench. The 
bench was kept as nearly vertical as possible. 

The shovels were equipped with special 
short booms and dipper arms, and_ shallow 
dippers for rock work. They were equipped 
for operation by steam, but the boiler was 
used as an additional 
pressed air. 


receiver for the com- 
The shoveis were operated on a 
track close to one side of the tunnel and each 
was supported on the inner side by a jack. A 
narrow gage (2 ft.) double track was used for 
the 4-yd. home-made dump and this 
track was kept close up to the shovel. At the 
end of this track, near the bench, it merged 
into a single track used for loading. Cars 
came in on one track and went out on the 
other, requiring about I minute for an 


cars, 


ex- 
The cars were pulled 
up grade by horses and ran down grade by 
gravity. 


change of single cars. 
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FIG. 4. UPPER PORTAL NO. 1 TUNNEL. 


About 25 per cent. of the tunnels required 
timbering. When this was done the bench 
was left about 50 ft. from the heading. The 
permanent timber plates were put in, each 
segment was trimmed off and was then lagged 
and wedged up. Before shooting the bench 
the wall plate was securely blocked up and 
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the last full length post was protected by old 
timbers laid against the walls. 

When a 50-ft. bench was used the muck 
from the heading had to be wheeled back in 
wheelbarrows and dumped over the bench 
where it could be handled by the shovel. The 
size of the timber gang varied according to 
the conditions. Part of the timbering had to 
be kept close up to the work to support the 
ground, but for a certain portion it was possi- 
ble to wait until the excavation had been 
completed. In this case a “jumbo” car was 
used to facilitate the handling of timbers and 
packing. The timbers for the tunnel work 
were cut from the surrounding mountains. 

Water troubles took care of themselves in 
the headings going up grade, but in the down 
grade headings sump holes (3x3x3 ft.) had to 
be made. The sump holes were excavated 
from time to time as the heading progressed 
and the water running into these was kept 
down by pumps operated by compressed air. 

The headings all closed within 34 in. for 
alinement and the error in closing the grades 
was practically nothing. The contractors for 
the entire work were Mcdonnell, Gzowski & 
Co. of Vancouver, B. C. We are indebted to 
Mr. C. S. Gzowski, a member of the firm, for 
the information given. 





THE UTILIZATION OF ATMOSPHERIC 
NITROGEN 
BY SAUL DUSHMAN 

During the last few years a large number of 
processes have been devised for the utilization 
of atmospheric nitrogen. The motives for 
these processes have been two-fold: both in 
fertilizers and in explosives nitrogen forms 
a very important constituent. Nitre or Chili 
saltpeter has been the substance chiefly used 
for these purposes in the past; but the nitre 
beds are gradually becoming exhausted, and 
the world has come to realize that some other 
source of fertilizers must be sought for if its 
food supply is to remain assured. At the 
same time there exists a continually increas- 
ing demand from the manufacturers of ex- 
plosives, for a concentrated nitric acid. 

As far back as 1776, Cavendish, the famous 
English physicist, discovered that an electric 
spark passed through a moist mixture of oxy- 
gen and nitrogen produces nitric acid, and at 
least three processes are in commercial opera- 
tion which are based upon this reaction. In 
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the process devised by Birkeland and Eyde in 
1904, a 5,000-volt alternating current is passed 
between water-cooled copper electrodes and, by 
means of a magnetic field at right angles to 
the latter, the arc is spread out into a disc 
of over two meters in diameter, thus causing 
almost the whole volume of air in the furnace 
to be raised instantaneously to a very high 
temperature. About one per cent. of the air 
passing through the arc is thus converted in- 
to oxides of nitrogen, which are then washed 
out by passing the gases from the furnaces 
through a series of towers. There is obtained 
in this manner a 50 per cent. nitric acid, 
which is converted into calcium nitrate by 
neutralizing with lime. The latter is used as 
a fertilizer directly. The furnaces used by 
Birkeland and Eyde were originally of 500 k. 
w. capacity, but subsequently they were re- 
placed by 800 k. w. units, and at the present 
time it is the intention to replace these by 
1,600 k. w. furnaces. In the first commercial 
installation at Notodden, Norway, only 1,500 
k. w. was used; afterwards this was increased 
to 40,000 k. w. During 1908, the first year of 
operation, the total income was $536,000, and 
the net gain, $134,000. Plants have been es- 
tablished at numerous other places in Nor- 
way, where water-power is available, and ac- 
cording to most recent reports the Norwegian 
industry of manufacturing air nitrates is un- 
dergoing rapid extensions involving the ex- 
penditure of nearly $15,000,000. Not only cal- 
cium nitrate, but also more concentrated nitric 
acid, nitrate of ammonia, nitrate of potash, as 
well as sodium nitrate are being manufactured 
at these plants. One of the principal reasons 
for the success of the process in Norway is 
undoubtedly the small cost of power which 
is said to be available at about $5 per horse- 
power year. 


Another process based upon the same fund- 
amental principle is that developed very re- 
cently by the Badische Anilin-und Soda-Fa- 
brik. “In this process a continuous arc is 
produced in a long tube by first bringing elec- 
trodes together and then gradually moving 
them along the tube while the other remains 
fixed at one end of the tube. The current of 
air, instead of being passed through this arc, 
is passed around it through the tube by being 
forced in at an angle to the main axis of the 
tube. It is said that the arcs used in this 
process vary from 35 to 50 feet or more in 
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length, and are maintained continuously for 
days or even months at a time.” 

Besides these two processes which are both 
in successful commercial operation, there is a 
third process for the oxidation of atmospheric 
nitrogen which has been devised by H. and 
G. Pauling, and is working on a large scale 
near Innsbruck in Tyrol. The electrodes are 
curved like the electrodes of the so-called 
horn lightning arresters. The arc is started 
at the narrowest part between the electrodes 
by means of a special lighting device. The 
air current passed through the arc blows it 
out to a considerable distance and thus in- 


creases the volume of air heated to the ex-' 


tremely high temperature at which combina- 
tion occurs. “The twenty-four furnaces at 
present installed in this plant have a total ca- 
pacity of 15,000 h. p. Two other plants, each 
of 10,000 h. p., for carrying out the same pro- 
cess, are in course of erection, one in South- 
ern France, and the other in Northern Italy.” 

The process of Frank and Caro for the 
utilization of atmospheric nitrogen is totally 
different from any of the above methods. Ni- 
trogen is passed over heated calcium carbide 
and the result is the formation of a substance 
having the formula CaCN, and known as 
cyanamide. Investigations at numerous agri- 
cultural stations have shown that it can be 
successfully used as a fertilizer, and accord- 
ingly a large number of plants are being 
erected both in Europe and America for its 
production. The United States Cyanamide 
Company has a 5,000-tons works at Niagara 
Falls, Ontario, and is also building another 
plant in Tennessee. Cyanamide is also of in- 
terest on account of the number of interest- 
ing derivatives which it is capable of yielding 
when treated with different reagents. An im- 
portant reaction is that with steam, leading to 
the formation of ammonia, which may be sub- 
sequently converted into ammonium sulphate. 

Still another method for the utilization 
of atmospheric nitrogen has been de- 
vised recently by F. Haber and patented by 
the Badische Anilin-und Soda-Fabrik. A mix- 
ture of nitrogen and hydrogen in the required 
proportions is maintained at a constant high 
pressure and heated in presence of a catalytic 
reagent (such as finely divided iron or os- 
mium) to a temperature which varies be- 
tween 400 degrees and 800 degrees C. Only 
about 8 per cent. of the mixture is converted 
into ammonia, but the power necessary for the 


compression and circulation of the resulting 
gases is very small, and it appears very likely 
that in the near future this process will te 
exploited industrially—Eng. Soc. University 
of Toronto. 





PROGRESSIVE AIR BRAKE REQUIRE- 
MENTS 


In a paper before the Franklin Institute on 
Air Brakes Mr. Walter V. Turner, chief engi- 
neer of the Westinghouse Air Brake Co., said, 
as one of many topics spoken of, that facilities 
for controlling railroad trains have not ad- 
vanced relatively as have the requirements, 
and that, as a mattter of fact, the brake has 
not kept pace with the developments in loco- 
motion. Even the most efficient brake of to- 
day is, at its best, not able to control and stop 
a train in as short a distance as when the 
weight and length of the train was less than 
one-fourth of what it now is. That the stop- 
ping distances of modern heavy high-speed 
trains are not longer than they are, is a source 
of gratification when it is considered that the 
length of the train and the volume of air to be 
handled in controlling the train have rendered 
the problem vastly more difficult, so far as 
service control is concerned, and the increase 
in weight and speeds is such as would require 
at least twice the distance in which to stop 
modern high-speed passenger trains, if the old 
type of brake had to be used. 

In one of the earliest brake trials in the 
history of continuous brake, made on the 
Midland Railroad near Newark, England, in 
1875, a stop was made from 53 miles per hour 
(the highest that could be obtained) in 18 
seconds. [In this time the train at full speed 
would have run a little over a quarter of a 
mile, but the actual distance before complete 
stoppage would, of course, be considerably less 
than this on account of the gradually diminish- 
ing speed.—Ed. C. A. M.] This corresponds 
to 15.5 foot-tons of work per brake shoe per 
second. To stop a modern train of heavy 
Pullman cars from a speed of, say, 75 miles 
per hour (which can be obtained under favor- 
able conditions) in the same time, namely, 18 
seconds, would require about 4% times as 
much work per brake shoe per second as in the 
case of the Midland Railway train. The tre- 
mendous significance of this increase in power 
demanded is but one aspect of the question and 
is mentioned simply to indicate the nature of 
the problem which mst be solved. 
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HUMPHREY INTERNAL COMBUSTION 
PUMP AND AIR COMPRESSOR 

The following description of the Humphrey 
pump and air compressor is from a paper by 
its inventor, Mr. H. A. Humphrey, before the 
Manchester (Eng.) Association of Engineers. 

The simplest form of Humphrey pump is 
shown in Fig. 1. Imagine a charge of gas and 
air to be compressed in the top of chamber C 
and fired by a sparking plug projecting through 
the top casting. All valves are closed when 
the explosion occurs and the increase in pres- 
sure drives the water downwards in C, setting 
the whole column of water in the discharge 
pipe D in motion. The column attains kinetic 
energy while work is being done on it by the 
expanding gases, and may move with consider- 
able velocity when these have reached atmos- 
pheric pressure. The motion of the water col- 
umn cannot be suddenly arrested, hence the 
pressure in the combustion chamber C tends 
to fall below that of the atmosphere, the ex- 
haust valve E opens, and also the water valves 
VV in the supply tank ST. Water rushes in 
through VV mostly to follow the moving col- 
umn in pipe D, but partly to rise in C in an 
effort to reach the same level inside the cham- 
ber as exists in ST. 

When the kinetic energy of the moving col- 
umn has expended itself by forcing water into 
the high-level tank ET it comes to rest, and 
there being nothing to prevent a return flow, 
the column starts to move back towards the 
pump, and gains velocity until the water 
reaches the level of the exhaust valve, which 
it shuts by impact. 
burnt products is 


A certain quantity of 
now imprisoned in the 
cushion space F, and the energy of the moving 
col'mn is expended in compressing this gas 
cushion to a greater pressure than that due to 
the static head of the water in tank ET. 
Hence a second outward movement of the col- 
umn results, and when the water reaches the 
level of valve E the pressure of the space F is 
again atmospheric, and further movement of 
the water opens valve A against a light spring, 
ard draws in a fresh charge of gas and air. If 
there were no friction, the water would fall to 
the same level as that from which the last up- 
ward motion started, but the amount of com- 
bustible charge drawn in is slightly less than 
this movement would represent. Once more 
the column of water returns under the ele- 
vated tank pressure, and compresses the charge 
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of gas and air, which is then ignited to start 3 
fresh cycle of operations. 

The action of the pump is not altered if, 
instead of delivering into an elevated tank, it 
discharges into an air vessel, or into an open- 
top standpipe or tower, and both these ar- 
rangements are useful if a continuous flow 
from the outlet is desired. 

In the simple form of pump the degree of 
compression of the combustible charge prior 
to ignition depends on the height to which the 
water is raised, and exceeds the static equiva- 
lent of the head. This is obvious if one re- 
members that the kinetic energy acquired by 
the liquid column on its return flow is utilized 
in compressing the combustible gas, while the 
compression brings the column to rest. 

The same considerations enter into the ques- 
tion of the cushion pressure attained, but here 
we are dealing with the compression of a vol- 
ume of gaseous fluid which occupies the clear- 
ance space only, and the stroke of the water 
column is greater in proportion, because for 
the first part of the stroke exhaust products 
are being expelled, and no compression occurs. 
The cushion pressure rises rapidly as the 
height to which the water is lifted increases, 
and at the maximum lift of about 4o ft. to 
which the simplest type of pump is limited, it 
may exceed the explosion pressure when using 
producer-gas, or may approximately equal the 
explosion pressure when working with city 
gas or gasoline. 

A Humphrey pump was exhibited in opera- 
tion at the Brussels International Exhibition, 
and obtained two “highest possible” awards— 
namely, a Grand Prix in the’class for gas- 
engines, and a Grand Prix in the class for 
pumps. Its construction is similar to that in 
Fig. 1, and explanation is not needed till we 
come to the valve gear shown in Figs. 2 and 3. 
It will be observed that a bolt B sliding hori- 
zontally must lock either the admission-valve 
A or the exhaust-valve E by engaging under 
collars a or ¢, which are fixed on the stems of 
their respective valves. Now the bolt is urged 
right or left, according to whether spring s, or 
s, is pulling the hardest, and this again de- 
pends on whether the link J, to which the 
springs are attached, has been shifted to the 
right or left. Suppose the exhaust-valve open- 
ed last, then its washer m, engaging against 
cam arm p, moves the system #, I, q, so that it 
leans to the right, in which position it is re- 
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HUMPHREY GAS EXPLOSION 


tained by the tension of spring s;. This puts 
tension on spring s, and loosens spring s,; bolt 
B, therefore, tries to move to the right, but 
until the exhaust-valve shuts it can only press 
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PUMPS AND AIR COMPRESSORS. 


upon collar e. However, when valve E comes 
on its seat the bolt instantly locks under e, 
and the same motion which holds valve E shut 
has released valve A, so that next time a suc- 








5038 COMPRESSED 


tion occurs in the combustion-chamber, A only 
can open. Precisely the same kind of action 
occurs when A shuts and is locked and E is 
released again. Thus valves A and E are auto- 
matically allowed to act alternately, the differ- 
ence between them being that while E remains 
open till shut by the rising water, A shuts un- 
der the action of its supporting spring, so soon 
as the suction in the chamber permits the 
spring to lift the valve to its seat. 


The scavenging-valve V is shown in the 
plan of the combustion-head, Fig. 3, and as it 
operates at the end of each expansion stroke, 
its locking and release periods correspond with 
those of the exhaust-valve, and are made sim- 
ultaneous by a lever pivoted at K, and oper- 
ated by a pin on the bolt B. If the water could 
rush in fast enough when the pressure falls to 
atmosphere, there would be no scavenging ac- 
tion; but the incoming water has to be ac- 
celerated, and that just gives rise to a sufficient 
suction to effect the desired scavenging. In 
the exhaust outlet there is a light non-return 
valve, to prevent burnt products being drawn 
back into the chamber. 


Figs. 4 and 5 show alternative arrangements 
of the top of the combustion chamber for a 
two-cycle pump requiring no valve gear. The 
combustion chamber has to be specially shaped, 
so that the incoming charge, which may be 
preceded by pure air, displaces the burnt pro- 
ducts and mixes as little as possible with them. 
Thus, in Fig. 4, A is the admission valve at 
the top of the tall, narrow part of the chamber 
B, in which the full charge volume extends 
down to the level cc. A number of exhaust 
valves E lead to a common exhaust outlet O, 
which may be fitted with a non-return valve, 
or each exhaust valve may carry a light non- 
return valve on its spindle, as shown. The 
level at which. expansion reaches atmospheric 
pressures is, say, ff, but this level having been 
reached by the water, its further movement 
draws in fresh combustible mixture till it oc- 
cupies the space down to cc, and the liquid 
level has fallen to gg. The column of liquid 
now returns and drives the exhaust products 
through the valves E—which had opened by 
their own weight—until these valves are shut 
by the water. The kinetic energy acquired by 
the column is now spent in compressing the 
fresh charge, which is ignited to start a new 
cycle. Thus, each outstroke is a working 
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stroke, and no locking gear is required on the 
valves. 

The same cycle applies to Fig. 5, but in this 
case there is a series of admission valves 
placed in a ring so as to allow the mixture to 
enter with a low velocity in order to prevent 
eddies and mixing with the exhaust products. 
A higher compression pressure is obtained 
with this pump than with the simple pump, and 
consequently higher efficiencies with the same 
lift. 

Fig. 6 shows the arrangement of a double- 
barrel pump, which has two combustion cham- 
bers, A and B, in which explosion occurs al- 
ternately. Any Humphrey pump, whether sin- 
gle or double barrel, may be converted into 
a high-lift pump by means of an air-vessel 
fitted with valves, and called an “intensifier.” 
The idea is to first allow the water-column to 
gain velocity, and then to utilize its kinetic 
energy to (a) compress an elastic fluid, and 
(b) deliver water under the pressure to which 
the elastic fluid has been compressed. 

In Fig. 6, A and B are the barrels of a two- 
barrel pump, and at the end of the play-pipe D 
there are two air-vessels E and F, the latter 
being large enough to give a continuous flow 
at outlet O, and to maintain a practically uni- 
form pressure. The smaller air-vessel E is 
fitted with a downwardly projecting pipe K, 
open to the atmosphere at the top, and carry- 
ing a valve L at its lower extremity, arranged 
to close under the action of the rising water. 
The cycle starts with explosion, all valves ex- 
cept L being shut, and the water level as 
shown. While the water level in E is rising 
to L, air is merely being discharged into the 
atmosphere, and as no work is being done by 
the column of water, it gains speed until valve 
L is shut by impact. Imprisoned in E there is 
now a definite quantity of air, which suffers 
compression until its pressure reaches that at 
which the high-pressure water-valves W can 
open, and allow the remaining kinetic energy 
of the column to force water into F. Valves 
W close when the column comes to rest, but 
there remains enough energy in the compress- 
ed air in E to give, by expansion, the return 
flow, which causes exhaust in A and compres- 
sion of the*fresh charge in B to start a fresh 
cycle. When the water level falls below valve 
L this valve opens, and air is admitted into E 
for the rest of the return stroke. 

Now it is easy to see that if the pipe K is 
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made vertically adjustable with regard to E, 
the point of the cyle at which L shuts can be 
varied, and more or less air entrapped in E at 
will. But the amount of energy stored in this 
air will also vary with its quantity, for we as- 
sume that the degree of compression remains 
constant, and is indeed fixed by the pressure 
maintained in F. Consequently the ratio of 
the total energy of the working stroke to the 
energy stored in the compressed air in“E can 
be made anything desired, or, in other words, 
we can obtain any compression pressure of 
the new charge in B which we like, and this 
independent of the water lift. The advantage 
is obvious, for compression pressures equal to 
those in modern gas-engines can be employed 
with a corresponding increase in thermal effi- 
ciency. Further, by manipulating the position 
of pipe K a given pump can be made to meet 
any conditions as to height of lift, for if the 
lift increases K can be raised, so that the en- 
ergy stored in the air in E remains the same, 
there being now less air, but at a higher pres- 
sure. 

An important development of the arrange- 
ment is shown in Fig. 6, and notice is directed 
to the fact that at each cycle air is drawn into, 
and rejected from the vessel E. Let us sup- 
pose K to be connected to a supply of combus- 
tible mixture instead of opening into the at- 
mosphere, we shall then have an automatic 
pump for taking in mixture and discharging 
it under pressure. If the discharge is into a 
reservoir from which combustion chambers A 
and B can be supplied, we have at once a 
means of quickening the cycles and greatly in- 
creasing the output of a given size apparatus. 
It is convenient to replace vessel E by two ves- 
sels, one for air and one for gas, so as to main- 
tain the combustible constituents separate un- 
til they enter the combustion-chambers. It 
the first portion of the out-stroke of the water 
column is allowed to reject the surplus air 
and gas back to the sources of supply, then 
the action throughout the cycle is precisely 
that described when using the single vessel E, 
except that a larger proportion of the total 
energy is absorbed in the compression of air 
and gas, but the excess is given out again dur- 
ing the expansion of the pre-compressed 
charge in either A or B. The chief advantage 
arises from the more rapid working, as there 
is no longer any need to wait for the water- 
level in A or B to fall under the action of 
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gravity when the charge is being taken in. 
In fact, the apparatus becomes practically in- 
dependent of the water-level on the supply 
side. The 1000-H.P. Humphrey pump now un- 
der construction in Germany will operate in 
the manner just described, the result being 
that the dimensions are very moderate, and 
the pump itself occupies no more space than 
a 1000-H.P. tandem gas-engine. 

If the column of water oscillating in the 
play-pipe of a Humphrey pump is used as a 
water piston, and caused to rise and fall in 
an air vessel fitted with suitable valves for the 
inlet and outlet of air, the combination con- 
stitutes an air-compressor of a very efficient 
type and promising many advantages. Take 
the case of a single-barrel pump and a single 
air vessel, shown in Fig. 7. The cycle, which 
may take two seconds to accomplish, is as fol- 
lows: 


Air Compressor 

Pump Senate. hamber. 

Ist out-stroke. Expansion to atmo- Expulsion of air till 
sphere. Intake of water shuts valye s. 
scavenging air. Compression and dis- 

charge of cpm- 
pressed air till water 
shuts valve g. Cush- 
ion till water comes 
to rest. 


Exhaust till ‘water 
shuts valve e. 
Cushion till water 
comes to rest. 

2nd out-stroke. Expansion of cush- 
ion to atmosphere. 
Intake of combust- 


1st in-stroke. 


Expansion of cushion 
to atmosphere. In- 
take of fresh. air. 


Compression of air, 
but not sufficient for 
further delivery. 


ible charge in ex- 


cess. 

2nd in-stroke. Rejection of sur- Expansion of 
plus charge till pressed air. 
water, shuts valve 
ry. C€mpression of 
charge till water 
comes to rest. 


com- 


The flexibility of the air-compressor can 
now be studied. To begin with the pump side, 
the level of the inlet valve e, and the rejected- 
charge r, are assumed to be variable, although 
Fig. 7, being merely a diagram, does not show 
how the pipes carrying these valves are moved 
vertically. As the level of these two valves 
controls the amount of charge ignited at each 
cycle, and the amount of the cushion space, 
their regulation is all that is required to in- 
crease or diminish the energy developed per 
working stroke. On the compressor side the 
position of the valves g and s controls the 
cycle of operations on this side of the appar- 
atus, and renders it possible to compress a 
large volume of air to a low pressure, or a 
smaller volume of air to a high pressure, or to 
make any intermediate changes which may be 
desired. 











5940 COMPRESSED AIR MAGAZINE. 


Thus all the conditions of output, up to the 
full limit of the compressor, may be governed 
at will, and for all ranges the compression 
pressure of the new charge may be kept up to 
the required degree, so that the apparatus 
works at its maximum efficiency throughout 
the whole range. The amount of water 
which oscillates between the chambers should 
theoretically be altered along with the total 
capacity per working cycle, but the reason for 
this is merely to prevent the last portion of 
each down stroke from being wasted by taking 
in surplus combustible mixture in one cham- 
ber, or surplus air in the other chamber, to an 
undue extent. If the surplus of the combusti- 
ble mixture is unnecessarily large, the ex- 
tra amount rejected will increase the pressure 
in the reservoir X, and this increase of pres- 
sure may be made to automatically govern a 
water supply, and so bring up the total volume 
of reciprocating water, or to allow part of the 
water already in the apparatus to escape, so 
as just to keep a small amount of excess 
charge for each cycle, no matter what may be 
the output of the pump. 





THE TURBOCOMPRESSOR 

The turboblower and turbocompressor, is a 
suitable machine for exhausting or compress- 
ing large volumes of air or gas. Although 
only a short time ago it was usually consid- 
ered to be impossible to make a commercially 
efficient and serviceable blower of this type 
for any but the lowest pressures, it is claimed 
that even at pressures as high as 150 pounds 
per square inch the new type of turbocompres- 
sor is at the very least equal in thermal and 
mechanical efficiency to the best kind of re 
ciprocating air compressor, whilst from a com- 
mercial point of view, the turboblowers or 
compressors are often preferable on account 
of advantages attainable through their in- 
troduction. The following are some of these 
advantages: 

1. The turboblowers and compressors de- 
liver a steady (non-pulsating) current of air or 
gas. 

2. They run practically without noise at 
all loads. 

3. They are. simple in construction, have 
all parts easily accessible, and are reliable in 
action. 

4. They not only require very little attend- 
ance and lubrication when at work, but rel- 


atively speaking, a minimum of space for their 
accommodation. 

5. They require a minimum of power to 
drive; they are also easily governed through 
a wide range of variation of speed, without 
materially affecting their economy. 

6. They are perfectly balanced both dy- 
namically and in respect of axial thrust. 
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As already stated, turboblowers are adopted 
for a variety of purposes. It is possible they 
are preferable to reciprocating engines in all 
cases where the volume of the air or gas to be 
handled is sufficiently great, quite irrespective 
of whether they are required to produce a rise 
of pressure or a partial vacuum. The turbo 
compressor, in a like manner, is suitable for all 
pressures up to 120 pounds per square inch, 





FIG. 2. 


if the volume of gas or air to be handled is 
sufficiently large. Both the blowers and com- 
pressors are suited for direct coupling to 
steam turbines, but they may equally well be 
driven by electromotors of suitable size and 
speed, 

The impeller shown in Fig. 1 is similar in 
design and detail, whether intended for a 
blower or for a compressor. To avoid the 
high stresses to which it is subjected the im- 
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end and intermediate parts of the casing over- 
hang the bedplate, but are well connected to 
the inlet cover by vertical, cylindrical, spigot, 
and faucet joints. The general design is 
such that all parts of the blower are easily 
reached for examination or adjustment. 

In the case of the turbocompressors, the 
same general principles of design are followed. 
As, however, a compressor is usually of con- 
siderably greater length than a blower, the 
two bearings of the former, situated one at 
each end of the machine, are designed to sup- 
port the casing as well as the rotor at both 
ends. Here, too, on account of the greater 
length of the unit, although the vertical divi- 
sions of the casing are maintained, a further 
horizontal division is introduced, as shown 
in Fig. 4, so that, after removing the upper 
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FIG. 4. SECTIONAL ELEVATION OF FIVE CYLINDER TURBOCOMPRESSOR. 


peller-is built up of those materials which are 
most suitable for the various parts of the 
wheel. Thus, the bosses are steel castings, 
whilst the cheeks are of special steel plates. 
The latter, as shown in Fig. 2, are conical in 
cross-section, and attached to the boss in such 
a manner as to allow free expansion of both 
cheeks under the influence of centrifugal force. 
As a result of this construction, the impeller 
runs true and steady at all speeds, and per- 
mits of the running clearances being reduced 
to a minimum, with the result that internal cir- 
culating losses are small. 

The housings of these turboblowers and 
compressors are respectively designed to suit 
the requirements of the two types of ma- 
chine. In both cases the housing is fixed at 
one (the driving) end only, and is free tu 
move with variations of temperature at the 
other. 

In the turboblower shown in Fig. 3 the in- 
let cover is provided with substantial feet sol- 
idly connected to the bedplate. The pressure 


half of the housing, each impeller and its 
corresponding part of the casing are freely ac- 
cessible for inspection. 

The ease with which air may be cooled 
whilst being compressed in a turbocompressor 
is to no small extent answerable for the good 
efficiency of the unit. When reciprocating en- 
gines are employed, the effect of water-jackets 
decreases as the cylinder volume increases; 
for which reason, if low final temperatures are 
to be obtained, multistage compressors must be 
resorted to and intermediate coolers employed. 
In the case of turbo machinery, the form of 
the housing and the condition in which the 
air or gas passes through the machine are 
both favorable to the efficient use of water- 
jackets. The rise of temperature can there- 
fore be reduced to a minimum. 

The easy and economical method of regu- 
lating the delivery and pressure of these blow- 
ers compares favorably with the methods— 
such as by-pass mains and variable clearance 
volumes, etc.—necessary with some types of 








5942 


blowing machinery. Delivery volume, pres- 
sure, and rotary speed vary, as is the case 
with centrifugal pumps, in fixed proportion tu 
one another; consequently, delivery volume 
and pressure may be changed by simply vary- 
ing the rotary speed. At constant speed, vol- 
ume and pressure may be varied by adjusting 
the regulating valve usually situated in the 
suction main. By this means the delivery vol- 
ume may be varied between its maximum val- 
ue and zero, the power consumed falling with 
the reduction of volume, while the efficiency, 
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FIG. 5. 


as shown in the curve, Fig. 5, is but slightly af- 
fected, even by comparatively large changes of 
volume. 

If turbocompressors are directly coupled to 
steam turbines, a pressure-regulating device 
can be made to govern the speed of the turbine 
in such a way as to maintain a constant air or 
gas pressure in spite of variations of delivered 
volume. The high efficiency already obtained 
(78 per cent.) as referred to adiabatic com-- 
pression, places these turboblowers very favor- 
ably in comparison with the best reciprocating 
blowing engines. 





An apparatus known as a solar smelter 
has been erected outside Johannesburg in 
South Africa, whose object is to smelt cop- 
per, tin, iron, etc., direct out of the ore by 
means of the heat from a reflector and, in the 
case of precious metals, even vaporizing them 
out of the gangue and condensing the vapor 
The apparatus may also be used in the manu- 
facture of calcium carbide and certain nitrates 
and in the distillation of oils. Curved mirrors 
of parabolic cross-section are mounted upon a 
frame comprising bars, rigidly connected to- 
gether and to an underframe which is adaptea 
to run upon the wheels around a circular track 
to allow for the apparent movement of the 
sun 
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TOP HEADING AND BOTTOM HEAD- 
ING METHOD OF ATTACK IN TUN- 
NEL CONSTRUCTION 
The method of tunnel construction known 
as the “top heading and bench” method is in 
almost universal use in the United States. 
The reason assigned for this, or rather the 
general understanding in regard to it, is that 
this method is both cheaper and safer than any 

other method of attack. 

Throughout Europe the “bottom heading” 
method of attack in some one of its forms is 
employed almost universally. European en- 
gineers are convinced of the superiority of 
this method over the “top heading and bench” 
method employed in America. It may be said, 
however, that the most convincing arguments 
in support of the superiority of the European 
practice are based on the necessity for dealing 
with the tremendous rock pressures encounter- 
ed in parts of Europe, and particularly in the 
Alps, a condition that does not prevail in this 
country. 

ROCK PRESSURES. 

These rock pressures are an interesting phe- 
nomenon. They make necessary the employ- 
ment of careful methods of excavation, of 
timbering, and of lining. In tunnel construc- 
tion in this country timbering is often neces- 
sary to prevent rock falls, which are apparent- 
ly due to the weight of rock masses that are 
insecurely attached to the adjacent mountain 
masses. In the Alps, on the contrary, the 
phenomenon is one of actual pressure from 
all sides, a pressure tending to crush in the 
roofs and sides of a tunnel and to raise the 
floors. These pressures are not due to a dis- 
integration of the rock masses with consequent 
tendency to displacement, but are apparently 
caused by forces imprisoned, we might say, in 
the formation of the mountains. Experience 
has shown that these forces are ultimately ex- 
hausted in so far as they affect any individual 
tunnel. This is indicated in the case of.the 
Karawanken tunnel, where the rock pressures, 
which were of unusual intensity during the 
early stages of construction, have greatly 
diminished and now show signs of ceasing 
entirely. It is evident that a method rendered 
necessary by such conditions might be highly 
uneconomical where, as in America, these con- 
dition do not exist. 

BOTTOM HEADING ADVANTAGES. 

With. reference to economical considerations 

it is claimed as an advantage of the “bottom 
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heading” method that all the different working - 


operations in connection with the construction 
of the tunnel, such as driving the bottom head- 
ing and the top heading, excavating the full 
section and lining the tunnel, are confined to 
one track which is extended as fast as the bot- 
tom heading is driven and remains in one posi- 
tion until construction is completed. At the 
same time the bottom heading drains the whole 
tunnel section, and inflowing water is led 
away in the bottom of the tunnel. Compari- 
son is here made with the straight “top head- 
ing” method, in which the top heading is 
driven complete, and the full section is after- 
wards excavated. It may be said that this 
method is only used in tunnels of large size 
where the adjustment of spoils removal to 
rate of advance introduces an economic ques- 
tion of more importance than the maintenance 
of a track in one position. The argument has 
little force against the “top heading and bench” 
method, especially where the excavation of the 
full section follows closely behind the head- 
ing, since conditions as to track and drainage 
are practically the same in the two cases. It 
therefore appears that the superiority of the 
bottom heading method is confined to cases 
where rock pressures exist. 


AUSTRIAN METHOD. 


The method employed in the construction 
of the long series of tunnels [see full descrip- 
tion in Engineering-Contracting, Jan. 4] on 
what is known as the Second Railway to 
Trieste, in the Austrian Alps, was, with one 
exception, what is known as the “Austrian” 
method which, briefly, is as follows: A _ bot- 
tom heading is driven as an advance heading. 
Shafts are then excavated from this heading 
to the top of the tunnel arch. The top head- 
ing is then driven, all spoils being dumpea 
through the shafts already excavated, and 
removed through the bottom heading. The 
full section is then excavated and lined in 
detached lengths of from 25 to 35 ft. Finally 
the intermediate sections are excavated and 
lined. It will be seen that this process has in 
view at every stage the resistance to rock pres- 
sure, great care being taken not to have too 
much unlined excavation open at any one 
time. 

A variation of the above method is what 
is known as the “Belgian” method. In this 
method the top and bottom headings are driv- 


en and shafts excavated in the order as giv- 
en above. Instead, however, of excavating 
and lining the whole tunnel section, excavation 
is first made in short lengths for the arch 
ring alone, and the arch is built, resting on 
the rock at the level of the springing line. Af- 
ter this is completed the full section is exca- 
vated and side walls built under the arches. 
It will be observed that in this process the 
greatest precaution is taken against damage 
from rock pressure, since the arch is put in 
at the earliest possible stage. 
KARAWANKEN TUNNEL. 

In the Karawanken tunnel a top heading 
was driven independently of the bottom head- 
ing. This was done because of the presence 
of fire damp in large quantities, which in- 
terfered greatly with the construction of this 
tunnel. It was not considered safe to ex- 
cavate shafts from the bottom heading to the 
arch as was done in the other tunnels, as it 
was feared that they would serve as pockets 
for collecting this light gas. The most in- 
tense pressures were here encountered, extend- 
ing over a length of more than a mile. The 
high cost per foot of this tunnel ($284 per 
lin. ft.) is doubtless due to the trouble caused 
by rock pressures, the frequent collapse of 
timbering and completed lining, and the many 
interruptions due to inbursts of water. So 
great were the pressures in this tunnel that the 
layer of rock, 13 ft. in thickness, lying between 
the top and bottom headings, was seriously 
distorted in many places, and heavy bracing 
was installed to prevent the total collapse of 
the tunnel. 

In a bulletin of the International Railway 
Congress Association, Mr. F. Hennings, pro- 
fessor of engineering at the Zurick Polytech- 
nic School, advocates the top-cut or high- 
heading method in the construction of Alpine 
Tunnels. This was the method used success- 
fully by Rziha in constructing the Czernitz 
tunnel, where also great pressure was encoun- 
tered. In this method a bottom heading is 
first driven, and is then extended upward in 
two layers to the tunnel arch. The semi- 
circle of the arch is then excavated in seg- 
ments, bracing by means of crown bars fol- 
lowing the excavation closely. This process 
is then continued downward, the walls of the 
bottom heading being the last material exca- 
vated. 

In the methods outlined above the controll- 
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ing factor is resistance to rock pressure, safe- 
ty at each stage of the process being carefully 
provided for. Where rock pressures do not 
exist, it would seem far more economical to 
use the “top heading and bench” method as 
employed in this country.—Slightly abridgea 
from editorial in Engineering-Contracting. 





LOFTY COOKING 

Housewives in the Rocky Mountain region 
and in other elevated portions of the United 
States are obliged to solve a few culinary 
problems that do not trouble women elsewhere. 

For example, a woman goes from an East- 
ern city to live in one of the high valleys of 
Colorado. She attempts to make a cake and 
quite naturally uses the recipe to which she 
has long been accustomed. The cake, instead 
of acting as it ought, flows over the side of 
the pan, covers the bottom of the oven and 
tries to find its way out under the oven door 
and over the kitchen floor. What remains in 
the pan, instead of rounding up, appears col- 
lapsed. 

The trouble is not with the recipe but with 
the atmospheric pressure, which interferes 
with cooking in a good many ways. At sea- 
level, water boils at 212° Fahrenheit. At an 
elevation of ten hundred and twenty feet it 
boils at 210°. At Denver, which is one mile 
above sea-level, water boils at 202°. In the 
San Luis Valley, at Del Norte, which is sev 
enty-seven hundred .and fifty feet up, it boils 
at 197°. At Leadville, which is nearly two 
miles above the sea, it boils at 193°. 

How is the housewife to boil an egg at 
Leadville? The answer is that the thing is 
very hard to accomplish. At all events, she 
must cook the egg some minutes longer than 
the time customary in New York or Chicago. 
It is not the fact of boiling that cooks an egg, 
but the number of units of temperature em- 
ployed in the process; hence it takes a good 
deal longer to cook it at 193° than to bring 
it to the requisite point of “doneness” in a 
surrounding fluid medium of 212°. 

The trouble with the cake previously men- 
tioned was that the gas generated in it by 
the baking powder was too strong for it. At 
sea-level there would have been no trouble, 
because the pressure of the air on the outside 
would have been a sufficient restraint; but, 
the pressure up in the mountains of Colorado 
being so much less, the gas in the cake made 


. bigger bubbles which tended to run together, 


until the remaining walls were not sufficient to 
sustain the weight. Then the cake fell, the 
pent-up gas escaping through fissures in its 
outer layer. Incidentally to the process, the 
gas, insufficiently restrained, caused most of 
the material of the cake to overflow the sides 
of the pan. 

One naturally asks, What should a woman 
do under such circumstances? It is very sim- 
ple. She should either use less baking powder 
or increase the tenacity of her dough by con- 
tributing more albumen in the shape of an 
additional egg. 





COMPRESSED AIR LOCOMOTIVES 
FOR COAL MINES* 


In 1895 the first compressed air locomotive 
was installed in the anthracite region in the 
No. 6 colliery of the Susquehanna Coal Co., 
near Wilkesbarre. Since then this type of 
locomotive has come into quite general use, 
due to its simplicity and its rugged character- 
istics which make it possible to operate it with 
unskilled men, through wet gangways and 
under bad roof, and also because it was, and 
is, the only practical and proven independent 
locomotive which will operate without fire, 
smoke, sparks or wires. Today there are about 
two hundred and seventy-five compressed air 
locomotives at work in the coal mines of Penn- 
sylvania alone, and about as many more in 
other States and Canada. 

In the past it is the locomotive which has 
been used when no other would do the work. 

If there is gas the air locomotive cannot ig- 
nite it. 

If there is bad roof, there is nothing essen- 
tial to the system which will be injured by an 
ordinary fall. 

If the mine is wet,.it does no harm except 
to make the locomotive dirty. 

If the bottom heaves, if the track is bad and 
curves are sharp and derailments frequent, 
the air locomotive is seldom injured, and its 
own power is available to assist in cleaning 
up the wreck to which any other type of lo- 
comotive might have set fire. 

The features which limited its use to those 
mines where one or more of the above condi- 





*From a paper by C. B. Hodges, before the 
West Virginia Coal Mining Institute. 
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tions rendered this locomotive particularly de- 
sirable are: 

Long tanks to contain a sufficient supply of 
compressed air, which required more room on 
curves, and the first cost of the compressors, 
boilers, pipe lines and charging stations re- 
quired to supply them with a sufficient quant- 
ity of compressed air at convenient points. 

Briefly, the essential features of a complete 
installation of compressed air locomotives 
are: 

1—One or more compressed air locomotives 
having sufficient tractive force and weight to 
handle trains of the most economical size and 
tanks to contain air for the longest possible 
runs without exceeding the limits of height, 
width and length which can be economically 
obtained. 

2—One or more air compressors of sufficient 
capacity to at all times supply the locomotives 
with sufficient air. 

3—One or more charging stations so located 
that the locomotives will seldom, if ever, be 
compelled to do special running in order to 
obtained compressed air as required. 

4—A stationary storage system (usually a 
pipe line) having sufficient volume to equalize 
the variable rates at which the locomotives may 
charge, which, taken in connection with the 
compressors, will insure a satisfactory charge 
of air for the locomotives whenever they may 
come to a charging station, and will at the 
same time provide for connecting up the vari- 
ous charging stations with the compressors. 

5—All parts must be combined to form a 
satisfactory working plant as a whole, and 
each detail must be carefully worked out to 
insure sufficient strength to safely sustain the 
high pressures employed, and also to insure 
satisfactory operation. © 

Compressors used to supply air for mine 
locomotives ordinarily deliver the air to the 
pipe line at a pressure of 1000 pounds per 
square inch. This pressure is obtained by 
compressing in either three or four stages. To 
compress 100 cubic feet of free air per min- 
ute to 1000 pounds pressure in three stages 
requires about thirty-four horse power; in four 
stages, thirty-two horse power. 

As in even the latest type of compressed air 
locomotive the air pressure is reduced from 
1000 pounds to 250 pounds before the air be- 
gins to do any work in the cylinders, there 
is apparently a very great loss in sufficiently 
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compressing the air to enable a locomotive to 
make reasonably long runs on one charge. 
This loss, however, is not so great as the dit- 
ference of pressure would indicate. To com- 
press 100 cubic feet of air per minute to 250 
pounds in two stages requires twenty-three 
horse power, so that it only requires about 
ten more horsepower to raise the pressure 
from 250 to 1,000 pounds or considerably less 
than one-half additional power to give four 
times the gage pressure. The reason for this 
is apparent when the operation of the three- 
stage compressor is considered. 

In the first stage the air is compressed to 
about one-fourth of its volume and to four 
times its pressure, making the pressure in the 
first inter-cooler 60 pounds absolute or 45 
pounds gauge. In the second stage the volume 
is again reduced to one-fourth and the pres- 
sure increased four times, making the pres- 
sure in the second inter-cooler 240 pounds ab- 
solute or 225 pounds gauge. In the last 
cylinder the air is again condensed to one- 
fourth of its volume and the pressure raised 
to about 1,000 pounds. In the first stage the 
volume of the compressing cylinder will be 
sixteen times that of the high-pressure cyl- 
inder and four times that of the intermediate 
cylinder, and in each case the average pres- 
sures are reversely as the volume, so that the 
total work in each stage is approximately the 
same. 

The three or four-stage compressors as 
built to-day for producing pressures of from 
1,000 to 1,500 pounds are as reliable and sat- 
isfactory as machines as are the compressors 
for 90 pounds which are so widely distributed 
throughout the mining and industrial world. 
The high-pressure compressors are provided 
with speed and pressure governors which will 
prevent racing under all conditions of service 
and which will slow down the compressor as 
the maximum pressure desired is approached 
and if further reduction in the supply is re- 
quired, will completely unload or come to a 
dead stop, if desired. so that no more atten- 
tion is required for them than should ordinar- 
ily be given to a piece of mechanism in con- 
tinuous motion. 

The pipe lines are almost exclusively made 
from a special quality of wrought iron pipe 
with extra heavy counterbored sockets for 
coupling. Each pipe is tested to 1,800 pounds, 
for a working pressure of 1,000 pounds, and 
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the ultimate bursting pressure of the pipe var- 
ies from 3,500 to 5,000 pounds. In order to 
provide for access to any joint in the pipe 
flanged couplings are introduced at intervals 
of from 200 to 400 feet. 

With pipe lines of this character carrying 
air at 1,000 pounds pressure, the loss due to 
leakage is practically negligible, and the labor 
and expense required in maintaining them in 
this condition is no greater than that required 
for air lines containing air at 90 pounds pres- 
sure, and less than is required to keep a steam 
line in good condition. 

The charging stations consist of a tee in 
the pipe line or elbow on the end of it, to 
which is attached a specially designed stop 
valve with a flexible metallic coupling, which 
provides sufficient latitude to avoid the delays 
incident to stopping the locomotive with too 
great accuracy. With this device the locomo- 
tives are ordinarily charged in about. one and 
one-half minutes. 

Until 1908 the locomotives were built along 
substantially the same lines as steam locomo- 
tives. The only difference was that one or 
more heavy steel tanks were substituted for 
the boiler, and a reducing valve was _ intro- 
duced to maintain a pressure of about 150 
pounds at the throttle valve. 

In 1908 a new type of compressed air loco- 
motive was offered and has been sold and in- 
stalled, to the practical exclusion of the older 
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type of single-expansion compressed air loco- 
motive, during the past two years. The first 
locomotive of this type was built by the H. 
K. Porter Company and installed in a mine 
of the Susquehanna Coal Company at Nanti- 
coke, Pennsylvania. Before many tests were 
made the men running it reported that “it 
was saving lots of air,” and later, comparative 
tests made by hauling the same cars the same 
distance over the same piece of track, alter- 
nately with the two-stage and then with a sin- 
gle-expansion locomotive of equal capacity, 
demonstrated that for six separate trips, with 
variable loads, the average air consumption of 
the two-stage was fifty-six per cent. of that 
of the single-expansion locomotive. The in- 
creased efficiency was obtained by expanding 
the compressed air in two successive cylinders, 
in connection with simply atmospheric inter- 
heating during the process of expansion, 

This locomotive is shown in four views. 
The air is stored, at a pressure of eight or nine 
hundred pounds, in the large cylindrical reser- 
voir, which may be re-charged in one or two 
minutes from a stationary storage. The air 
reaches the high-pressure cylinder through a 
regulating valve, at 250 pounds pressure and 
atmospheric temperature. From this cylinder 
it exhausts through an atmospheric inter- 
heater, at a pressure of 50 pounds, to the low 
pressure cylinder. 














FRONT END. 





REAR END. 
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On account of the work done in the high- 
pressure cylinder (about 20,000 foot-pounds 
per pound of air), the temperature of the air 7” 
leaving the high-pressure cylinder is about 2 
140 degrees, Fahrenheit, below that of the at- 
mosphere, rendering the surrounding air an 
efficient heating medium, which may be read- ' 
ily utilized by means of the inter-heating cylin- “ 
drical reservoir filled with small _ tubes, +30 
through which the atmospheric air is rapidly 
drawn by the ejector action of the exhaust 
from the low-pressure cylinder. In this ap- 7 
paratus nearly all of the heat lost in the high 70 
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pressure cylinder is restored, expanding the 


air about thirty-six per cent. and permitting 
higher initial and lower terminal pressures, 
with a wider range of expansion—the essen- 
tial features of economical operation, practi- 
cally impossible in connection with the single- 
expansion locomotive, on account of unman- 
ageable refrigeration. 

Since the first locomotive of this type was 
built, about one hundred more have been put 
in operation in mines, lumber yards and other 
industrial establishments. Many of these in- 
stallations were possible only with the new 
type of locomotive, as with the older type of 
single-expansion locomotive, the cost of the 
compressors, boilers and pipe lines would have 
been too great; or the cost of the power to 
operate the compressors would have been too 
high; or the locomotives would have had to 
be charged too frequently. 

The increased efficiency obtained with this 
type of locomotive has resulted, under ordi- 
nary conditions, in reducing the cost of pow- 
er about 30 per cent., reducing the size of the 
compressors and boilers thirty per cent., re- 
ducing the first cost of the complete installa- 
tion approximately fifteen per cent., and in- 
creased by thirty per cent. the distance which 
the locomotive will travel on one charge of 
air. 

The combined indicator diagrams show by 
their area the relative quantities of work ob- 
tained from the same amount of compressed 
air. The area inside of the dotted lines indi- 
cates the amount of work obtained from a 
given quantity of compressed air in the sin- 
gle-expansion locomotive; the area inside of 
the two indicator diagrams shown in solid 
lines, the amount of work obtained from the 
same quantity of air in the new type of two- 
stage locomotive. The single cross-hatched 
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area is the gain due to a wider range of ex- 
pansion with a higher initial and lower term- 
inal pressure, possible only in connection with 
the atmospheric inter-heater which prevents 
unmanageable refrigeration and _ incidentally 
adds about eighteen per cent. to the total 
quantity of work done by the air by expand- 
ing it in the process of re-heating to a suffi- 
cient extent to increase the area of the low- 
pressure card by the quantity indicated by the 
double cross-hatched. area. The stippled area 
indicates the losses due to the impossibility of 
always haivng the valve gear of the two cyl- 
inders exactly adjusted to obtain the most 
economical results. 

The durability of the pipe lines under min- 
ing conditions is a feature of compressed air 
haulage which at times has been questioned. 
The life of wrought iron pipe in a mine will 
of course, vary with local conditions. As a 
matter of experience, pipe lines were installed 
in the shaft and gangways of the colliery of 
the Susquehanna Coal Company at Glen Lyon, 
Pennsylvania, in 1895, and are still convey- 
ing the air to the charging stations for the 
operation of the locomotives. The same is 
true of pipe lines installed in the Rolling Mill 
Mines of the Cambria Steel Company, at 
Johnstown, Pennsylvania. These lines were 
installed in 18908. Still another case is that 
of the Carbon Mine of the Keystone Coal & 
Coke Co., where pipe was installed in the 
Gangways in 1897 and is still a part of the pip- 
ing system which furnishes air to eight com- 
pressed air locomotives for the Carbon and 
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Greensburg No. 2 Mines which jointly re- 
ceive a supply from the central compressing 
plant. These instances are merely represent- 
ative cases of which the writer has definite and 
recent knowledge. 

While having been more or less intimately 
connected with the subject of compressed air 
haulage in general throughout the United 
States and Canada for the past fifteen years, 
I have known of but one case of replacing a 
pipe line on account of deterioration due to 
rusting, acids or any other cause. 


while the thought of old Diogenes lolling in 
his tub without so much as a penny stick of 
peppermint to tickle his philosophical palate, 
and the valorous Anthony paying court to the 
divine coquette of Egypt without the custo- 
mary bonbons makes you murmur in mourn- 
ful numbers: “Was life worth living then, 
anyhow?” And yet such was the case in those 
days and all days up to the middle of the 
middle ages, although the exact date of the 
invention of sugar hides itself in the dim un- 
certain regions of myth and legend. 














A SHOT BLAST TUMBLER INSTALLATION. 


THE BEGINNINGS OF SUGAR 

It aimost gives one a fit of melancholy to 
sit down and try to picture to himself the 
alarming state of affairs which must have ex 
isted in the good old days when Rome was 
mistress of the world, and the art and culture 
of Greece were civilizing her mistress and 
there was no sugar. Of course there was 
honey, but what of honey in comparison with 
the possibilities of sugar? Think of a toddy 
without sugar, and imagine if you can what a 
milk punch sweetened with honey would taste 
like. Your heart almost bleeds for laughing 
at jovial old Horace as you picture him to 
yourself sitting under his own vine and fig 
tree among a small company of the brilliant 
lights of those palmy days, ladling out his old 
Falernian punch, sugarless and lemonless, 


SHOT-BLAST TUMBLING BARRELS 

The Mathewson sand blast rattler appliances 
supplied by the Tilghman Patent Sand Blast 
Company, Ltd., Broadheath, near Manchester, 
England, have been employed for the cleaning 
of castings, etc., for some little time. They 
are intended for comparatively small castings, 
larger pieces than, say, 50 pounds weight, be- 
ing dealt with in the sand-blast room. It is 
not a sand blast that is used, small chilled-iron 
shot from 1-40 inch to 1-60 inch diameter be- 
ing employed. 

Fig. 1, which illustrates a barrel plant at 
the side of a sand-blast room in the works of 
the Tilghman Company, shows a rattler driven 
by belt off an overhead motor. The blast it- 
self is taken into one or both ends of the bar- 
rel and this is about half filled with castings. 
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With the rotation of the barrel the castings 
are regularly turned over, presenting new sur- 
faces to the action of the air-propelled shot. 
As the barrel moves quite slowly, two to four 
turns a minute being made, even light castings 
are not broken by the action. The castings 
are fed into the barrel through a sliding door 
and perforations allow the dust and shot, etc., 
to escape through a hopper so as to meet a 
current of air. This drives the lighter sand 
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FIG, 2. 


away, while the shot falls into a hopper ready 
for use again. 

Fig. 2 illustrates the outfit with sand ele- 
vator, separator and air sieve. An exhauster, 
not shown, maintains a partial vacuum (about 
3% inches water gage) in the tumbling bar- 
rel so that any leakage is inward. The sana, 
etc., is thus drawn to the separator. Shot is 
used because it does not break up so readily 
as sand and therefore causes less dust. The 
castings may be cleaned right down to the 
metal and a considerable saving in machining 
cost can readily be claimed. 

The plant is built in a number of sizes and 
continuous tumbling barrels also are supplied, 
the castings being fed in at one end and pass- 
ing out at the other after being subjected to 
the action of four or more separate shot blasts, 
according to the length of the barrel. 

Actual figures are given showing that this 
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process is not only more thorough and efficient 
but also cheaper than hand work. 


THE AIR SUPPLY. 


The makers recommend a large volume at 
low pressure. The reason will be found in 
the air velocities corresponding to the differ- 
ent pressures. The work done, of course, de- 
pends on the velocity of the shot, and short 
pipes are used. Now, to make a comparison, 
through a pipe say three diameters long, the 
velocity at 10 pounds pressure is about 535 
feet, a second; at 14.7 pounds, 634 feet; at 
29.4 pounds, 656 feet; and at 73.5 pounds only 
658 feet. The figures are taken from a well 
known textbook. It will be plain that after 
about 15 pounds pressure the velocity rises 
very slowly. Obviously loss in pressure re- 
duction, from high to low, should be avoided. 
The firm, therefore, recommend from 5 to 25 
or 30 pounds per square inch as a suitable pres- 
sure for the air supply. Condensed from 
American Machinist. 





AUTOMATIC STABILITY OF A 
BIPLANE 
Lieut. J. W. Dunne recently gave an exhi- 
bition of his automatic stability biplane at the 
Royal Aero Club’s flying ground in the Isle 
of Shippey close to the Thames estuary, Or- 
ville Wright being an interested spectator. 
Lieut. Dunne made two flights of seven and 
eight miles, and the interest of the perform- 
ance lay in the fact that the aviator was able 
as he flew to take his hands off the control 
levers and to write notes, which he showed to 
Mr. Wright in proof of his claim that he has 
solved the problem of automatic stability. 
Lieut. Dunne’s machine is a fairly heavy one 
and is shaped much like a snow plough with 
the sides open. It has neither tail nor rudder 
and depends for its steering power on two 
small flaps at the rear edge of the upper planes. 
With these the airman brings his machine 
around to the right or left with perfect ease, 
keeping at the same time on an even keel. 





Aid to air pilots is to be offered by the 
Blue Hill Observatory, outside of Boston. Ex- 
perts there are at work on a series of air-cur- 
rent charts, the material for which has been 
accumulating at the observatory for years. 
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LOSS OF HEAD IN TRANSMISSION THROUGH PIPES. 








1-INCH PIPE. 






































































































































Initial Pressure, 75 Pounds, Gage. Initial Pressure, 90 Pounds, Gage. Initial Pressure, 105 Pounds, Gage. 
Free Air Length of Pipe in Feet Free Air | Flow in Length of Pipe in Feet. Free Air | Flow in Length of Pipe in Feet. 
per Flow in per Pipe per Pipe 
Minute, | Pipe per Minute, per Minute, per 
Cubic | Minute, Cubic Minute, Cubic Mirute, 
Feet. Feet. 100 | 200 | 300 400 Feet. Feet. 100 200 | 300 400 Feet. Feet. 100 | 200 | 300 | 400 
12.5 385 0.05 | 0.09 | 0.13 0.17 12.5 330 0.04 |, 008/;0 11 0.15 12.5 289 0.03 | 0.06 | 0.10 | 0.13 
25 771 0.18 | 0.35 | 0.5: 0.70 25 661 0.15 | 0.30 | 0.45 0.59 25 578 | 0.12 | 0.25 | 0.40 | 0.52 
3 0 69 | 1.40 | 2.11 2.83 50 1322 0.59 | 1.19 | 1 81 2 41 50 1157 0.52 | 1.05 | 1.56 | 2.10 
75 2314 1.58 | 3.18 | 4 82 6 49 75 1984 1.35 | 2.72 | 4 10 5.51 75 1736 1.10 | 2.25 | 3.40 | 4.68 
100 86 2.82 | 5.74 | 8.76 | 11.89 100 2645 2.41 | 4.88 | 7.41 0.00) 100 2313 2.11 | 4.25 | 6.42 | 8.65 
1%4-INCH PIPE. 
Length of Pipe in Feet. Length of Pipe in Feet. Length of Pipe in Feet. 
250 | 500 750 1000 250 500 750 | 1000 250 500 750 | 1000 
25 339 0.06 | 0.12 0.18} 0.23 25 291 0.05 | 0.10 | 0.15 9.20 25 254 0.04 |} 0.08 | 0.12 0.17 
679 0 0.46 0.69} 0.92 50 582 0 19 | 0.39 | 0.59 0.79 50 510 | 0.17 | 0.33 | 0.50 0.68 
1 1358 0.92 | 1.85 279} 3.74 100 1164 0.79 | 1.58 | 2.38 8) 100 1019 0.69 | 1.38 | 2.07 2.76 
150 2037 2.08 | 4.22 6.39) 8.64 150 1746 1.78 | 3.59 | 5.43 7.30) 150 1528 1.53 | 3.14 | 4.65 6.32 
2716 7. 11.73} 16.06 2328 3.18 | 6.47 | 9.87. ] 13.39) 200 2037 2.76 | 5.55 | 8.51 | 11.54 
2-INCH PIPE. 
Length of Pipe in Feet. Length of Pipe in Feet Tengih of Pipe in Feet. 
sth 
200 500 | 1000 | 2000 200 500 1000 | 2000 200 500 | 1000 | 2000 
100 764 0.17 | 0.43 | 0.87 1.75) 100 655 0.15 0.37 | 0.75 1.50 100 573 0.13 | 0.32 | 0.65 } 20 
150 1146 0.39 | 0.98 | 1.97 3.99) 150 0.34 | 0.83 | 1.69 3 40) 150 59 0.29 | 0.74 | 1.47 2.95 
200 1528 0.69 | 1.75 | 3.54 7.24 200 1310 9.59 | 1.51 | 3.02 6.48) 200 1146 0.53 | 1.32 | 2.64 5 28 
250 1910 1.09 | 2.31 | 5.60 | 11.60) 250 1637 0.93 | 1.97 | 4.76 9.75) 250 1433 0.83 | 2.09 | 4.17 8.35 
300 2292 1.57 | 4.92 | 8.18 | 17.28 300 1965 1.35 | 3.45 | 6.92 | 14 a | 300 1719 1.22 | 3.06 | 6.13 | 12.25 












































COMPRESSED AIR TRANSMISSION 
TABLES* 


BY FRANK RICHARDS. 

The accompanying tables of pressure losses 
during the flow of compressed air through 
pipes were computed by what may be termed 
the Rix-Johnson formula. J. E. Johnson, Jr., 
gave Church’s familiar formula in a simpli- 
fied form in the American Machinist, July 27, 
1899, which was, in substance, as follows: 


K V°L 
R=——— 
dD’ 
where 
V=Volume of free air in cubic feet per 
minute ; 


L=Length of pipe in feet; 

D=Diameter of pipe in inches; 

K=A numerical constant, which Johnson 
fixed as 0.0006; 

R=Difference between the squares of the 
initial and terminal absolute pressures in 
pounds per square inch; that is, p*,—p*.. 

I have reason to believe that this formula is 

now used in this country more generally than 
any other in practical compressed-air work. 

E. A. Rix, of San Francisco, uses Johnson’s 

formula with 0.0005 for the value of K. In 
my own practice I have found it more con- 
venient to use the reciprocal of this value of 
K, that is, 2000, and transfer it to the divisor, 





*Copyright, 1910, by Frank Richards. 


where in actual numerical operations it al- 
most invariably disappears at once by cancel- 
lation. I also find it more convenient for my 
pencil habit to use small letters instead of 
capitals; hente my working formula takes 
the form, 


2000 d° 
This, of course, may be transformed to 
suit the special requirements, as: 


2000 d° (p*, — p*2) 











S 





2000 (p*,—p*:) 

Computations in this line do not invit., 
not hardly permit, micrometrical precision, 
and refinements are out of place; hence it is 
quite permissible and very convenient to use 
15 pounds for the normal atmospheric pres- 
sure, and this has been done in computing the 
tables herein given. A single example of the 
process will suffice. 

Let there be 5000 feet of 8-inch pipe, through 
which it is desired to transmit’ 4000 cubic feet 
of free air per minute at an initial pressure of 
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2Y-INCH PIPE. 
Length of Pipe in Feet. Length of Pipe in Feet | Length of Pipe in Feet 
1000 | 1500 | 2000 | 2500 1000 | 1500 | 2000 | 2500 1000 | 1500 | 2000 | 2506 
100 489 0 29 0 44) O 59 73 100 419 0 25 | 0.38 0 51} 0.62 1 3 22 32 55 
200 978 |“1M6] 1 74] 2 32] 2.89 200 8 |0.98 | 147] 1.96) 2°47 200 734 [0.861129] 2731 2 a8 
300 1467 26 3.91] 5.25) 6.64 300 1257 2.22 | 3 34 4 45) 3 64 300 1100 1.94 | 2.88 3.87} 4.95 
400 1956 4 64 6 96) 9 30) 12.20 400 1676 3.98 | 6.00 8.00) 10 25) 400 1467 3.45 | 9.18 7.00} 5.86 
500 2450 7.50 | 10 OO} 15 10) 18.90 500 21 6.25 | 9 38 | 12.56) 15 72 500 1838 5 45 | $.20 | 11.15] 14 17 
3-INCH TIPE. 
Length of Pipe in Feet. Length of Pipe in Feet. Length of Pipe in Feet 
1000 | 1500 | 2000 | 2500 1000 | 1500 | 2000 | 2500 1000 | 1500 | 2000 | 2500 
100 339 0 12 0 17] 0.23) O 29 100 291 0.10 | 0.15 0.20} 0.25 100 254 0.09 | 0.13 17, * 
200 679 0.46 0 69} 0.92) 1 15 200 582 0.39 | 0.59 0.79} 0.99) 200 509 0.35 | 0.53 0:69) 0:37 
400 1358 1 86 2.79} 3.75) 4.69 400 1164 1.58 | 2.39 3.19) 3.99 400 1019 1.41 | 2.12 2.76 3.48 
600 2037 4.21 6 39) 8.65) 10.81 600 1746 3.59 | 5.43 7.31) 9.14 600 1528 3.13 | 4.83 6.48 8.16 
800 2716 7 G4 | 11 74) 16.11) 20 15 800 2328 6.47 | 9.87 | 13.43] 16.79 800 2037 5 74 | 8.72 | 11.78 14.65 
4-INCH PIPE. 
Length of Pipe in Feet. Length of Pipe in Feet. Length of Pipe in Feet. 
1000 | 1500 | 2000 | 2500 1000 | 1500 | 2000 | 2500 1000 | 1500 000 | 2500 
250 477 0.17 | 0.26 | 0.34 0.43 250 409 0.15 | 0.24 | 0.29 | 0.37 250 358 0.12 | 0.19 | 0.26 | 0.32 
500 955 0.68 | 1.02 | 1.37 1.71 500 818 0.58 | 0.82 | 1.17 | 1.47 500 0.51 | 0.76 | 1.02 | 1.28 
750 1432 1.54 | 2.32 | 3.10 3.89 750 1227 1.31 | 1.98 | 2.65 | 3.32 750 1074 1.15 | 1.73 | 2 31 | 2.89 
1000 1910 2.76 | 4.17 | 5.60 7.06 1000 1637 2.35 | 3.55 | 4.76 | 3.98 1000 1433 2.05 | 3.09 | 4.14 | 5.20 
1250 2387 4.34 + 6.52 | 8.91 | 11.29 1250 2046 3.49 | 5.59 | 7.53 | 9.51 1250 1790 3.22 | 4.86 | 6.53 | 8.22 
6-INCH PIPE. 
Length of Pipe in Feet. Length of Pipe in Feet. Length of Pipe in Feet. 
1000 | 2500 | 5000 | 10,000 1000 | 2500 | 5000 | 10,000 1000 | 2600 | 5000 | 10,000 
1000 849 0.36 | 0.89 1.81) 3.65 1000 727 0.31 | 0.77 1.54) 3.10 1000 637 0.27 | 0.67 1 34) 2.70 
1500 1273 0.81 | 2.04 4.12] 8.46 1500 1091 0.63 | 1.74 3.51) 7.15 1500 955 0.61 | 1.51 3 04) 6.16 
2000 1698 1 44 | 3.64 7.45) 15.64) 2000 1454 1.23 | 3.10 6.31} 13.05 2000 1274 1.08 | 2.70 5.46] 11.19 
2122 2.26 | 5.75 | 11.93] 26.14 2500 1817 1.93 } 4.89 | 10.07] 21.25 2500 1591 69 | 4.27 8.69) 18.12 
3000 2547 3.28 | 8.45 | 17.86) 300u 2181 2.79 | 7.14 | 14.84 3000 1910 243 | 6 6 | 14.55) 27.05 
8-INCH PIPE. 
Length of Pipe in Feet. Length of Pipe in Feet. length of Pipe in Feet. 
1000 | 2500 | 5000 | 10,000; 1000 | 2500 | 5000 | 10,000) 1000 | 2500 | 5000 | 10,000 
2000 954 0.34 | 0.85 1.71) 3.46 2000 0.29 | 0.73 1.47] 2.95 2000 716 0.26 | O 64 1.28) 2.57 
3000 1432 0 77 | 1.92 3.89) 7.97 3000 1227 0 1.64 3.32} 6.75 3000 1074 0.57 |] 1.44 2 90) 5.87 
4000 1909 1.37 | 3.46 7.06) 14.77 4000 1636 1.17 } 2.95 5.98) 12.35 4000 1432 1.02 | 2.57 3.20) 10.65 
5000 2386 2.15 | 5.46 | 11.29) 24.51 5000 2045 1.83 | 4.64 9.51] 20.06 5000. 1790 1.604 4.04 8.23) 17.61 
6000 2564 3 10 | 7.98 | 16.83; 6000 2454 2.65 | 6.75 | 14.00 6000 ~ 2148 2.31 | 5.86 | 12.05) 26 16 
10-1NCH PIPE. 
Length of Pipe in Feet. Length of Pipe in Feet. Length of Pipe in Feet 
2500 | 5000 | 7500 | 10,000 2500 | 5000 | 7500 10.000) 2. 5000 | 7500 | T0,000 
1000 313 0.06 | 0.14 0.21] 0.28 1000 268 -05 | 0.12 0.18) 0.24 1000 235 0.05 | 0.11 0.16} 0.21 
2000 627 0.27 | 0.56 0.84) 1.12 2000 537 0.24 | 0.48 0.72) 0.95 2000 470 0.21 | 0.42 0.63) 0.84 
4000 1254 1.11 | 2.25 3.37] 4.56 4000 1075 0.95 |. 1.92 2.88) 3.88 4000 941 0.84 | 1.68 2.53} 3.38 
6000 1881 2.52 | 5 15 7.73) 10.62 6000 1612 2.16 | 4.38 6.57) 8.95 6000 1411 1.89 | 3.81 5.76] 7.75 
8000 2508 4.54 | 9 37 | 14.06] 20.06 8000 2150 7.82 | 11.73] 16.54 8000 1881 3.38 | 6.87 | 10.46) 14.17 
12-INCH PIPE. 
Length of Pipe in Feet. Length of Pipe in Feet. Length of Pipe in Feet. 
'2500 | 5000 | 7500 | 10,000 2500 | 5000 | 7500 | 10,000 2500 | 5060 | 7500 | 10,000 
2,500 0.17 | 0.35 0.52} 0.68) 2,500 455 0.15 | 0.30 0.45) 0.59 2,500 398 0.13 | 0.27 0.39) 0.53 
5,000 1061 0.70} 1 41 211) 2.84 5,000 910 0.62 | 1.21 1.81] 2.42 5,000 796 0.53 | 1.05 1.58; 2.11 
7,500 1591 1.59 | 3.15 4.73) 6.45 7,500 1365 1.35 | 2.69 4.03} 5.5 7,500 1193 1.18 | 2.37 3.59) 4.81 
10,000 2122 2.83 | 5.77 8.66) 11.95 10,000 1820 2.40 | 4.89 . 34) 10.05 10,000 1591 2.11 | 4.27 6.46, 8 69 
12,500 2652 4.45 | 9.19 | 13.79) 19.59) 12,500 2275 3.79 | 7.76 | 11.64] 16.19 12,500 1989 3.32 | 6.73 ital 13.838 
105 pounds gage, or 120 pounds absolute. Then, 
What will be the terminal pressure and the p*2=14,400—1220=13,180 
loss of head? The pressure here assumed is and 


not unusual in the best practice of the present 
day. 

Note that d° (8°) is 32,768, and p*, (1207) is 
14,400. Substituting these values the state- 
ment and solution is as follows: 

4000* X 5000 





=1220=",—p".=14,400—p*, 
2000 X 32,768 












p2=114.80 pounds 
absolute terminal pressure; hence the loss of 
pressure is, 
120—114.80=5.20 pounds. 

The foregoing example shows what may be 
considered a suitable rate of pipe transmission, 
or a flow which should not be much exceeded 
in practice. The free air in this case being 
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4000 cubic feet per minute, and the initial ab- 
solute pressure being 8 atmospheres, the act 
ual volume, assuming that aftercoolers are 
used and that the air is at normal tempera- 
ture, will be only 500 cubic feet per minute. 
The volume content of an 8-inch pipe is 0.349 
cubic feet per foot of length; therefore the 
rate of flow will be 
500 —- 0.349 = 1432 feet 

per minute. A handy limit figure to keep in 
mind is the round number 1500 feet per min- 
ute. 

The loss of pressure will be a little more 
than proportional to the squares of the vol- 
umes of free air. That is, if in this case the 
volume of free air had been doubled, making 
8000 cubic feet instead of 4000 cubic feet, the 
loss of head would have been 22.44 pounds 
instead of 5.20 X 4 = 20.80 pounds. 

It is worth while to note how the pressure 
loss is diminished as the pressure is increased, 
due to the reduction of volume. Thus, in 
1000 feet of I-inch pipe, transmitting 50 cubic 
feet of free air per minute, the pressure losses 
for increasing initial pressures would be as 
follows: 


Initial Pressures. Loss of Press. 


mG) PIG CADE. ois 5 ss sis asin 11.52 pounds. 
GO POUNRdS Bae. . os 66s sesce eee 8.86 pounds. 
PINES EOIN, oo css ot sun onin 7.24 pounds. 
OO POUNRGS Mawes. cs. .sescs scenes 6.14 pounds. 
ROE ONS BARC. o. sas die cives cde 5.33 pounds. 
120) POUNGS Wave... sos isesewes 4.71 pounds. 
BS ORIN AE Si. a ises sin bons odie 4.23 pounds. 
ESO MOUNGS GAWe. 2s ssdsssaw sss 3.83 pounds. 


Of course, no tables can be compiled which 
will cover the various requirements of com- 
pressed-air practice, but the figures herein 
given may at least furnish a working idea of 
the probabilities, and may be of service in a 
general way in preliminary estimates, or may 
serve to detect errors or inconsistencies which 
are apt to occur in the most careful figuring. 
No precise agreement with actual practice can 
be expected, as conditions which affect the re- 
sult are so numerous.—Power and the Engi- 
neer. 





BEAVER DAM-AGES 
A land company at Stanhope, N. J., recently 
decided to construct an artificial pond in a 
section which was being developed, and in 
building the dam the engineers tore down a 
dam which had been built at the same spot 
by beavers. The engineers’ work was com- 


pleted only a short time ago; the beavers in 
the meantime had remained in seclusion so 
long that they had been entirely forgotten. A 
few days later, however, there appeared an- 
other and a larger dam of beaver manufacture, 
below the masonry dam, and before the men 
awoke to what was going on their new ma- 
sonry dam was entirely submerged. Inasmuch 
as the beavers have made a larger pond than 
the engineers had planned, the latter are said 
to be inclined to pass by the slight on their 
work and to accept the gift. 

The New Jersey engineers may believe that 
beaver dams are a good thing, but out near 
Steamboat Springs, Colo., according to another 
press report, there is a certain rancher who 
has a different opinion. Beavers on his ranch 
have dammed up his irrigation ditch so that 
the flow of water through his land has been 
stopped. Not long ago they filled the ditch 
with such a strong dam that it took two men 
an hour to demolish it and permit the water 
to flow unobstructed. The very next night the 
beavers did another construction job only a 
few yards from the first. That also was de- 
molished, but to no avail, as the beavers imme- 
diately erected another dam. As a final resort, 
the rancher applied to the State Game Com- 
mission for permission to kill the beavers, 
claiming that unless this was done they would 
next be damming up Bear River and would 
thus deprive a number of other farmers of 
waters necessary for irrigation. 





The Canadian Pacific Railway is experienc- 
ing difficulty at different places between White 
River and WVartier on account of beaver dams 
being erected and flooding its lands. At one 
place a dam was erected in the centre of a cul- 
vert, and part of the filling had to be re- 
moved in order to do away with it. When 
this was done the beavers built another a lit- 
tle further down the stream, and this also had 
to be removed on account of the backwater. 

It seems to be the general opinion that the 
Government should declare an open season for 
a year and give the Indians and settlers a 
chance to dispose of the surplus beaver and 
otter. 





A centrifugal milk tester burst Dec: 29, in 
the laboratory of the New York State Col- 
lege of Agriculture at Ithaca, N. Y. An in- 
structor and four students were injured. 
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COMPRESSED AIR FOR MINE 
HOISTING 


It is getting to be now quite generally real- 
ized by engineers that for the larger prob- 
lems of power transmission compressed air of- 
fers often the best ultimate solution, and ac- 
cordingly we find it being adopted in many 
places in extensive open air operations for 
driving isolated pumps, hoists and other ma- 
chines for which heretofore’ steam has been 
the only power thought of. The wisdom of 
such employment, as, for instance, on the 
Panama Canal, the N. Y. State Barge Canal, 
in various dam and waterworks constructions, 
quarries, etc., cannot be questioned. One im- 
portant characteristic of compressed air is that 
it costs practically nothing except when it is 
actually doing work. There is no loss by con- 
densation or heat radiation and there need 
not be any appreciable loss by leakage, and it 
can be stored in at least. sufficient volume to 
be instantly ready for work of an intermit- 
tent character. 

It was therefore entirely to be expected and 
should come to no one as a surprise that some 
of the larger copper mining companies are 
now preparing to use compressed air for driv- 
ing their large mine hoists. While this is of 
course a new departure, or the extension of 
compressed air service into a new and import- 
ant line of employment, it is not at all to be 
regarded as a blind experiment. Engineers in 
these days know what they are doing. Exper- 
ience has assured them in advance that econ- 
omy, reliability and convenience are to be se- 
cured, although the actual figures can only be 
determined by the records made. 

The companies we have now-in mind are the 
Anaconda Copper Company at Butte, Montana, 
and the Miami Copper Company of Arizona. 
The ultimate source of power for the Miami 
Company in this case will be steam generated 
by oil fuel, which in turn will generate electric 
current, the latter driving the compressors 
and also other machinery, the air being used 
as usual for rock drills and the usual deep 
mining equipment as well as for the main 
shaft hoists. The air for the mine hoisting 
engines will be preheated and also heated 
again between the compound cylinders, which 
of course will greatly reduce the volume of 
air required or the actual power consumption. 
The previous records of these companies as to 
hoisting and other service, which, it is under- 
stood, have been kept with care will give relia- 
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ble data for comparison with these later and 
more elaborate methods. 





DISASTROUS AIR-GAS EXPLOSION 

An unusual and a phenomenally disastrous 
gas explosion occurred Dec. 19 at the battery 
house of substation No. 1 of the New York 
Central and Hudson River R. R. Company’s 
new Grand Central station terminal in New 
York city. There is a large storage here of 
Pintsch gas kept for supplying the train light- 
ing service, and a train not under control 
broke off a main gas pipe at a considerable dis- 
tance from the reservoirs, so that gas was es- 
caping for about a half an hour before it was 
shut off. It is estimated that 14,000 cubic feet 
of gas escaped and mixed with air under the 
battery house and this explosive mixture was 
by some means ignited, wrecking the building 
and extending its destructive effect for a con- 
siderable distance around, a passing trolley 
car being wrecked and several of its passen- 
gers killed. 

There have been of course many escapes of 
gas in much greater volume than this through 
accidents to gas holders or otherwise, but the 
gas has usually been free to rise in the air 
and no disaster has resulted. The capacious 
mixing chamber which existed in this case in 
the station excavation under the building and 
the igniting spark, say from an electric wire, 
at the opportune moment comprise a combina- 
tion which sufficiently accounts for the disas- 
ter. 

Engineering News presents an interesting 
computation showing the possible force of ex- 
plosions of air-gas mixtures. It says: 

Suppose we take a volume of Io00 cu. ft. 
of gas of 600 B. T. U. per cu. ft. calorific pow- 
er. When mixed with air in the proportions 
for most violent explosion the mixture could 
be contained in a small room about 12 ft. 
cube. The total heat units in this gas would 
be 60,000 B. T. U. and the total foot-pounds ot 
potential energy would be 60,000 x 772=46,- 
320,000 ft.-lbs. If this gas were exploded in 
small quantities behind a piston in a gas en- 
gine cylinder, something like 15 to 25 per cent. 
of this could actually be obtained as mechani- 
eal energy; and given proper mixture, some- 
thing like this energy will actually be gener- 
ated when the gas is exploded in a confined or 
partially confined space and will be exerted 
against any obstacle. This means that only 
100 cu. ft. of gas exploding when mixed with 
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air may have a potential destructive power of 
over 10,000,000 ft.-lbs.; or it could lift a struc- 
ture weighing a thousand tons to a height of 
5 tt. 





AVIATION 

Monthly publications are much too slow to 
keep the public informed of the new records, 
the incidents and especially the accidents in 
aviation and it is seldom that Compressed 
Air Magazine attempts to give any “news” in 
this line. 

A height record of 11,474 feet was reported 
to have been made by Archibald Hoxsey on 
Dec. 26, at Los Angeles, Cal., with a Wright 
biplane flyer. 

What is claimed as a world record for 
length of flight with a passenger was made by 
Lieut. Camerman, near Paris, on Dec. 21, 355 
miles being covered in 5 hours and 55 min- 
utes without alighting. A Bleriot monoplane 
was used. 

An amateur aviator, Cecil S. Grace, on Dec. 
22, attempted to make a trip by aeroplane from 
Dover to Calais and return. The first half 
was safely made, but on the return. the ma- 
chine disappeared in the fog and no trace has 
been found. 

On Dec. 28, at Issy, France, an aviator 
named Laffant and a passenger were killed. 

John B. Moisant, who was the first to fly 
across the English Channel with a passenger, 
and who snatched the $10,000 prize from 
Claude Graham-White by his flight around 
the Statue of Liberty in October, fell with his 
monoplane at New Orleans on the last day of 
1910 and was killed. 

On the same day Archibald Hoxsey, whose 
height record of a few days before is men- 
tioned above, fell with his biplane at Los An- 
geles and was killed. 

Both these men were trying to make new 
records. On the day before Hoxsey had 
flown to a height of 10,000 ft., passing over 
Mount Wilson, the highest peak of the moun- 
tain range which rims the valley in which the 
cities of the “Orange Belt” lie. 

Lieut. Caumont, of the French Army Avia- 
tion Corp, fell from a height of 60 feet at Ver- 
sailles on Dec. 30, while trying a new mono- 
plane, dying a few hours after the accident. 

A distance record for aeroplane flight in 
1910 was made by Maurice Taberteau. In a 
continuous flight of 7 hours 45 min., 362.7 
miles were covered. 
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TRADE PUBLICATIONS 

George Oldham & Son Co., Frankford, Phil- 
adelphia, Pa. Catalog C. 52 pages and cover, 
6xg inches. Describes Pneumatic Tools and 
Appliances, and shows them in use. 

Temple-Ingersoll Electric-Air Rock Drills, 
{nstructions for Installing and Operating witn 
Duplicate Part Lists, Ingersoll-Rand Company, 
11 Broadway, New York, 36 pages and cover, 
6xg inches. 

Bentz System Company, Newark, N. Y., 
20 pages and cover, 6xg inches. Describes ap- 
paratus for air-washing, ventilating and heat- 
with full page half-tones of 
buildings where it is installed. 

Buffalo Company, 
General Catalogue No. 178. 
inches. 


ing purposes, 
Forge Buffalo, N. Y. 
304 pages, 6x9 
Describes and gives full details of the 
variety of machinery manufactured, forges, 
blowers, blacksmith’s and boilermaker’s tools, 
woodworker’s tools, ete. 

Blaisdell Machinery Company, Bradford, 
Pa., The Blaisdell Automatic Sewage Ejector 
Catalogue 50 pages, 6x9 inches. This ejector is 
operated either by air or steam. Its mode of 
operation and details of installation are de- 
scribed with some fine photos of prominent 
buildings in which it is used. 

Ingersoll-Rand Company, 11 Broadway, 
New York. Class “PB” Duplex Power Driv- 
en Air Compressors, Form No. 3007, 24 pages, 
6xg inches. This class of machines are de- 
scribed in detail with tables of principal di- 
mensions. The drive is either by belt or rope, 
and compression is either single or two stage 
with efficient intercooling and close regula- 
tion of output. 

Baldwin Locomotive Works, Philadelphia. 
Pa., Record No. 68. 36 pages and cover, 6x9 
inches. Mallet Articulatéd Locomotives. These 
novel and interesting machines are described 
and beautifully illustrated, the largest type 
having two complete engines with compound 
cylinders and four pairs of drivers to each 
cr eight pairs of drivers to the complete lo- 
comotive with a total weight, with tender, 
of 700,000 lbs. and a tractive force of 96,000 
Ibs. 

The Bristol Company, Waterbury, Conn. 
Bristol’s Recording Gages, 48 pages, 8x10% 
inches. This catalogue not only describes and 
illustrates a great variety of gages but gives 
a much greater ranger of graduations for dif- 
ferent lines of service, reaching all pressures 
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from a perfect vacuum to the highest obtaina- 
ble, with readings in inches of water, inches of 
mercury, ounces or pounds per square inch, 
atmospheres, etc., with all possible gradua- 
tions under the metric system also. 





A MANUFACTURER’S LIBRARY 


The Commercial Bureau Company has an 
elegant and spacious apartment in the Hudson 
Terminal Building, 50 Church street, New 
York, which is fully equipped as a Manufac 
turer’s Record or Reference Library. It is 
free to all who wish to consult matter on file. 
Out of town visitors are invited to use the 
library for headquarters. There are free desks 
or rooms for the temporary use of Manufac- 
turers or buyers, with all the usual facilities 
for business. 





ROCK TEMPERATURES AND DEPTH 


Attempts are being made to compare and 
reconcile the temperatures at different depths 
in different parts of the earth. 

At Witwatersrand mines (South Africa) 
rock temperatures were taken at intervals of 
1000 feet showing temperatures varying from 
68.75 degrees F. at 1,000 ft., to 102.35 degrees 
at 8000 ft., or'a general rate of increase of I 
degree for each 250 ft. of depth. 

In the Lake Superior copper mining field 
the rate of increase is given as I degree for 
each 209 ft of depth. 

At the St. John Del Rey mine, Minas Gares, 
Brazil, an average increase is shown of 1 de 
gree for approximately every 156 ft. of depth 
down to a depth of 4024 ft., the rock at that 
depth having a temperature of 95 degrees F. 

At Bendigo, Victoria, Australia, the rock 
temperature is given as 110 degrees b., at 
a depth of 4000 ft., and that of issuing water 
at the same depth as 114 degrees F. At the 
Adelbert mine in Bohemia, where silver-lead 
ores are mined, the rock temperature is 113 
degrees F. at a depth of 3600 ft. At the 
Kalgoorlie mines, Australia, observed rock 
temperatures show practically no variation be- 
tween 1400 ft. and 2300 ft., the temperature 
at each point being given as 84 degrees F. At 
two intermediate points (1700 ft. and 2000 
ft.) 83 degrees F. is recorded. 

The easiest and most obvious conclusion 
from these figures is that no general rule can 
be given for the increase of rock temperatures 
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with depth, the increase being determined by 
local conditions. When, however, it is remem- 
bered that the greatest depth given above, 
8000 ft., is only 0.0003 of the earth’s radius no 
reliable average could be expected. The gen- 
eral fact of the increase of temperature is all 
that we are sure of. 















































FIG, 1. FIG. 2. 


AERATING WATER FOR AQUARIUM 
AND OTHER USES 

A simple way of producing air pressure suf- 
ficient to aerate water is by the use of a siphon 
as shown in Fig. 1. The siphon is made of 
glass tubes, the longer pieces being bent on 
one end as shown. The air receiver and regu- 
lating device are attached to the top end of the 
lower tube, as shown in Fig. 2. The receiver 
or air inlet is the most important part. It is 
made of a glass tube, 34 in. diameter and 5 in. 
long. A hole is filed or blown through one 
side of the glass for the admission of air. The 
ends of the smaller glass tubes are passed 
through corks having a diameter to fit the ends 
of this larger tube. The ends of these tubes 
should be so adjusted that the continuous drops 
of water from the upper will fall into the tube 
below. The succession of air bubbles thus im- 
prisoned are driven down the tube and into the 
tank below. 

The regulator is placed in the tube or siphon 
above the air receiver. Its purpose is to re- 
tard the flow of water from the siphon 
above and make it drop rapidly. It consists 





of a rubber connecting tube with two flat 
pieces of wood clamped over the center and 
adjusted with screws. The apparatus is started 
by clamping the rubber tube tightly and then 
exhausting the air in the siphon tube, then 
placing the end in the upper reservoir and re- 
leasing the clamp until the water begins to 
drop. If the reservoir is kept filled from the 
tank, the device will work for any length of 
time.—Popular Mechanics. 








PNEUMATIC BOILER-TUBE SCALER 


There is now being manufactured in Birm- 
ingham, England, a pneumatic tube scaler. 
This scaler consists of a special pneumatic ham- 
mer of a size to permit it to pass easily through 
the tubes. At the end that enters are fitted six 
vibratory cutters, arranged in a circle around 
a central ram and anchored by lugs to an 
internal collar at the front end of the tool, the 
interior of the cutter circle being coned to re- 
ceive the blows of the coned fore end of the 
piston or hammer. The device is valveless 
and the ram is its only moving part. It is 
designed to give from 2,000 to 3,000 strokes 
per minute, and it is said that it can be regu- 
lated to anything within that range by the 
pressure of air employed; that it requires an 
average working pressure of 80 pounds, and 
that by throttling the supply the blows may 
be regulated to suit any particular degree of 
hardness or thickness of the scale. In oper- 
ation the longitudinal blows of the hammer 
shank cause the cutters to deliver correspond- 
ing circumferential blows against the lining of 
scale on the interior of the tubes. The sep- 
arated scale is blown ahead by the exhaust air. 
The tools vary in size from 3% to 7 inches in 
diameter. The design of the tools varies 
somewhat for other uses of a similar kind— 
Consular Reports. 





ELECTRIC AIR HEATERS FOR ROCK 
DRILLS 

R. G. Mackie, in the Journal of the Trans- 
vaal Institute of Mechanical Engineers dis- 
cusses the use of small electric air heaters. 
He says: 

The air temperature at the drills would be 
higher, and the expansive effect of the hot air 
used to advantage. The compound rock drill 
would then have an increased economy over 
the single-cylinder drill; the exhaust temper- 
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ature would probably be low enough as to not 
affect the temperature of the mine, and these 
drills would, in all probability, be more used. 
The radiation losses would be more easily 
maintained, as the expansion and contraction 
would only take place in comparatively small 
pipes. In the case of large rigid pipes with 
heaters for the entire air supply, the expansion 
effect of the hot air would cause much trouble, 
and expensive expansive joints and bends 
would have to be inserted in the mains. Un- 
less these large mains were covered with some 
non-conductor of heat, the radiation losses 
would be great, thus tending to increase the 
mine temperature, so that everything is in fav- 
or of small heaters close to the work. 

The quantity of heat available from an elec- 
tric current which passes through a high re- 
sistance is proportional to the current squared 
multiplied by the resistance, or CR. By rais- 
ing the temperature of the air, the amount of 
work it is capable of performing becomes pro- 
portionally greater, and when a cheap elec- 
trical supply is placed at the disposal of the 
mines the re-heating of compressed air un- 
der ground will, I hope, become economical. 





A SUBMARINE ENDURANCE TEST 

How long crews of submarines can remain 
under water without a renewal of air was 
sought to be determined by a somewhat un- 
pleasant experiment to which the men of the 
Danish submarine boat Dykkeren (Diver) 
have been subjected. The crew numbered elev- 
en, and for these 65 cubic meters of air was 
available. An adult, scientists say, needs half 
a cubic meter of air an hour, but it was found 
that in an enclosed space air deteriorates so 
rapidly that a calculation based on this figure 
does not hold good. 

The Dykkeren remained under water for 
twelve hours, but only nine of these the crew 
passed in comparative comfort. After that 
the vitiated atmosphere necessitated quicke: 
and quicker breathing to provide the necessary 
amount of oxygen, and the sailors became 
seized with a gradually growing sense of 
terror. They held out bravely, but toward the 
end they found themselves unable to speak ex- 
cept by a supreme effort of will. 

Then the order was given to ascend, and 
the men tumbled over each other in their anx- 
iety to get at the fresh air. Eye-witnesses say 
that they lay about the deck gasping like fish 
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out of water. The quick return to normal 
conditions had bad effects, for the sudden in- 
cursion of fresh air into the lungs caused a 


very painful burning sensation which did not 
leave them for some time. 





SKILL OF OIL WELL DRILLERS 

Drilling oil wells is a business concerning 
which technical literature has had little to say. 
In general, the work has been in charge of 
mechanics rather than engineers, and there are 
sO many ways in which a driller can either 
help or hinder the work that the men have 
generally been given a free hand. Usually, 
too, when a field is under development speed 
is all-important. Competent drill-men have 
had neither time nor inclination to write of 
their work. It should be remembered that the 
drill crew works in the dark. It is impossible 
either to see the bit at work or to examine the 
hole when completed and determine just what 
was the difficulty. Among other notable things 
accomplished under these conditions, are the 
handling of a free-swinging column of eight- 
inch pipe half to three-quarters of a mile long; 
passing such a pipe to one side and around 
broken casing or tools in the bottom and 
continuing the hole; cementing off heavy flows 
of water nearly a mile below the surface; 
picking up from the bottom broken tools; 
underreaming so as to advance casing, and 
many other equally striking things. In Cali- 
fornia, wells have been completed where the 
pipe was broken and passed seven times, and 
yet a casing was landed successfully at the 
bottom. The technical achievements of the 
oil-men deserve more notice than they have 
received.—Mining and Scientific Press. 





NOTES 
Calumet & Hecla’s recovery of copper from 
its conglomerate lode is now only 29 Ibs. to 
the ton, just about half what it was Io years 
ago, and the cost of getting ore to the surface 
has steadily increased with depth. 





With a nozzle 13% inches in diameter and 
a pressure of 100 pounds, a stream of water 
can be thrown vertically 103 feet, or hori- 
zontally 96 feet and will discharge 674 gal- 
lons of water per minute. 





Those interested in the conservation of nat- 
ural resources will be encouraged by English 
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press accounts of the extension of the York- 
shire coalfields, which indicate that they have 
35,000,000,000 more tons of coal available for 
mining than was supposed. 





The roar of the air exhaust of a Cameron 
sinking pump which is used to unwater the 
shaft of the Butte-Alex Scott Copper Com- 
pany at Butte, Mont., has been eliminated by 
passing the spent air through a check valve 
into the water or discharge column. 





Baccarat, France, has the honor of pro- 
ducing the first glass that is unbreakable. The 
new process has been successfully applied to 
the manufacture of lamp chimneys for use in 
coal mines containing much firedamp. The 
glass makers of Baccarat have also succeeded 
in increasing the elasticity of the glass. 





New York is the center of the great piano 
industry of the world. In the year, 1909, the 
output of pianos alone was valued at over $25, 
000,000; representing 180,000 instruments. 
Every conceivable class of musical instrument 
is manufactured in this city. The two largest 
piano factories in the world are located in 
“Little Old New York.” 





The most highly civilized people on earth 
use the largest quantities of sugar per capita. 
The consumption of sugar increases with the 
wealth and refinement of a nation. England 
and the United States use sugar in much larg- 
er quantities than any other country in the 
world. The average consumption of sugar per 
capita with the people named is more than 
seventy-five pounds per year. 





In a large colliery district close to Man- 
chester a great number of miners travel by 
train to and from their work. On arriving at 
the station the smokers, and that means prac- 
tically every one, stick their pipes into vari- 
ous corners and holes of the platform wood- 
work. There they remain till going back 
time, when each man always finds his pipe 
just as he left it. 





The official records show that eighty-two 
million dollars worth ($82,000,000) of 
chandise originating in the United States 
crossed the Isthmus in 1909, which sum, it 
may be assumed, will be much increased as 
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soon as the Canal is opened, saying nothing 
of what will be coming to the United States 
over the same route. 





It has always been thought that the disin- 
tegration of stone was the result of heat and 
cold and corrosion caused by the weather. A 
scientist has proved that it is really caused by 
a germ, and, when stone is treated with an in- 
secticide the disintegration ceases. All this 
leads to the inevitable conclusion that there is 
either vegetable or animal life in the stones, 
and if in stone where does life cease? 





The Baltimore & Ohio Railroad has erected 
a new double-track steel bridge over the 
Cheat River at Rowlesburg, W. Va. The 
bridge, consisting of two spans of 115 and 125 
feet, respectively, was put together nearby, and 
when all was ready, hydraulic machinery was 
employed, the old bridges were removed and 
the new bridge was rolled into place, all withm 
20 minutes, and without delay to traffic. 





Grouting the surface of concrete in order 
to make it smooth, leaves it subject to un- 
equal wear, owing to the lack of uniformity 
in the degree of hardness in such a thin layer 
of cement. The “set” of a thin sheet of ce- 
ment is not the same as that of a large mass. 
For this reason the tops of concrete blocks 
for setting heavy machinery should not be 
made “true” by grouting, but by dressing Jown 
after the block has set, in the same way as 
the surface of a stone would be finished. 





The Pennsylvania Railroad is said to be con- 
sidering the installation at Union Station, 
Pittsburg, of a device for registering automati- 
cally the number of passengers passing through 
the trainshed gates. The apparatus comprises 
a stream of compressed air which plays con- 
tinuously across the passageway and _ holds 
open a circuit, except when it is interrupted 
by the body of the person traversing the 
passageway. These interruptions register the 
number of persons passing. 





Sir William Ramsey stated recently that the 
cost of radium was now $2,100,000 per ounce, 
which is slightly less than a year ago, when, 
in an address at the laying of the cornerstone 
of the radium factory at Limehouse, he said 
that the value of the substance was $2,500,000 
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an ounce, which was at the rate of $90 per 
milligramme. In January, 1910, the price was 
said to be $3,000,000 an ounce. About a year 
ago there was only a quarter of a pound of 
radium in the whole world, and the quantity 
is not much greater at the present time. 





' Official tests of the many valuable hard- 
woods native to Western Australia have made 
known the extraordinary properties of yate, 
believed to be the strongest of all known 
woods. Its average tensile strength is 24,000 
pounds to the square inch, equalling that of 
good cast iron. But many specimens are much 
stronger, and one was tested up to seventeen 
and a half tons to the square inch, which is 
equal to the tensile strength of wrought iron. 
The tree grows to a maximum height of 100 
feet, and has sometimes a diameter of 2'4 or 
even 3 feet.” 





The consumption of silver in the photo 
graphic industry is probably seldom thought 
of, but it is likely that at least 4,000,000 oz. 
are annually consumed in this industry. George 
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Eastman, of the Eastman Kodak Company, 
says: “We are now using about 125,000 oz. of 
silver bullion per month. We have no accur- 
ate means of estimating the total amount of 
silver used in our industry in the country, or 
in the world, but should imagine that altogeth- 
er it would aggregate several times this 
amount.” . This use of silver so dispetses it 
that it is not recoverable under present prac- 
tice. 





Notwithstanding its new tunnels under both 
the Hudson and East Rivers, the Pennsylvan- 
ia Railroad has under consideration the con- 
struction of an East River bridge. This was 
made known in a letter from Vice-president 
Samuel Rea, as read before the Municipal Art 
Society, of New York. “I hope that before 
very long,” he writes, “our company will be 
actively engaged in the construction of the 
bridge across the East River, and we will 
take all steps in our power to make this bridge 
not only impressive because of its proportions, 
but beautiful in its design, and a monumental 
feature of the City of New York.” 
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£900 COMPRESSED 
LATEST U. S. PATENTS 


Full specifications and drawings cf any pat- 
ent may be obtained dy sending five cents (not 
stamps) to the Commissioner of Patents, 
Washington, D. C. 


DECEMBER 6. 


977,453. SAND-BLAST DEVICE. ALBERT JORN, 
Jr., Waukegan, Ill. 

977,528. AEROPLANE. <AuvuGustus F. W. Mac- 
MANUS, San Antonio, Tex. 

977,549. COMBINED AIR-RIFLE, RUBBER 
BALL, AND POP-GUN. ERNEST 8S. ROE, 
Plymouth, Mich. 

977,555. OCEAN - AIRSHIP. REINHOLD 
SCHMIECHEN, Ledyard, Iowa. 

977,574. FLUID-ACTUATED MOTOR. JOHN 

S. Warp, Chicago, IIl. 

ot COMPRESSOR. JOHN LEVEY, Chicage, 


C 
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said piston structure in opposite directions, said 

means comprising a pair of pressure-controlled 

valves, and pressure connections for said pres- 
sure-controlled valves. 

977,826. PNEUMATIC TOOL. REINHOLD A, 
NORLING, Aurora, III. 

977,849. PNEUMATIC ELEVATOR. GEORGE 
BERNERT and JACOB BERNERT, South German- 
town, Wis. 

977,856. AIR-BRAKE SYSTEM. JoHN Dtr- 
LANDER, Temple, Tex. 

977,894. PNEUMATIC DRILL. Jonas L. Mirt- 
CHELL, Denver, Colo. 

977,916. AIR-PUMP. SAMUEL R. WILLIAMs, 
Oberlin, Ohio. 

977,997. EFLYING-MACHINE. EpDWarRD Bert- 
HOLF, Watkins, N. Y. 

978,008. AIR-COOLING APPARATUS. GEN- 
NARO DRAmMIS, Brooklyn, N. Y. 

978,062. AIR-COMPRESSING APPARATUS. 
PreRcY RUSSELL, New York, N. Y., and ADOLPH 
W. SCHRAMM, Riverton, N. J. 

978,071. PNEUMATIC COUPLING. Davin B. 
STANLEY, Maine Prairie, Minn. 
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977,690. GAS-PUMP. ALFRED S. WHITE, Chi- 
cago, Ill. 

977,731. THERMODYNAMIC MACHINE. Jo- 
SEPH EMILE HAENNIG, Belfort, France. 

1. In the transformation of heat into motive 
force, the process which consists in successively 
compressing, heating. expanding and cooling a 
part of a motive fluid, driving a motor by the 
expanding of said part of the motive fluid, and 
submitting another part to vaporization and 
then to condensation, by communication of heat 
units from it to said first part. 

977,811. PRESSURE-REGULATOR. JACQUES 
MANDET, Paris, France. 

977,823. CONTROLLING-VALVE FOR PUMP- 
ING SYSTEMS. Francis S. MILuER, Indian- 
apolis, Ind. 

1. A controller for air lift systems comprising 
a main valve, a piston structure for shifting the 
same, a valve controlling the flow of motive 
fluid to said piston structure, a piston structure 
connected with said second valve, and means for 
controlling the flow of motive fluid to and from 
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DECEMBER 13. 


978,167. PORTABLE VACUUM-CLEANER. 
CADWALLADER W. KELSEY, Philadelphia, Pa. 
978,194. MOTOR-COMPRESSOR. Bruno V. 

NORDBERG, Milwaukee, Wis. 

1. In a motor-compressor the combination of 
an alternator, a synchronous motor, and an en- 
gine provided with means for converting it from 
a compressor into a motor and vice versa, and 
having a power transmitting, connection with 
said synchronous motor. 

978,198. PNEUMATIC-DESPATCH-TUBE AP- 
PARATUS. ALBERT W. PEARSALL, Lowell, 
Mass. 

978,258. AIR-PUMPING APPARATUS. ERNEST 
L. B. ZIMMER, Minneapolis, Minn. : 

978,271-2. PNEUMATIC - DESPATCH - TUBE 
APPARATUS. JAMES T. COWLEY, Boston, 
Mass. 

978,313. PUMP FOR MEDICATING AIR. 
JAMES A. LEE, Bellsville, Ohio. 
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978,381. SUCTION-FILTER. Harry. E. KIkEr, 
Colorado Springs, Colo, 

978,433. WINDMILL. 
Madrid, Iowa. 

978,484. HKLUID - 


JOHN WW. COLEMAN, 


PRESSURE - OPERATED 


TOOL. WILLIAM PRELLWITZ, Easton, Pa. 
978,561. FUME-PRODUCING DEVICE. PETER- 
son H. CHERRY, Los Angeles, Cal. 


3. A fume producing device comprising a re- 
ceptacle for containing the fume producing ma- 
terial and a pneumatic device connected thereto 
to draw air into or expel it from the receptacle, 
said pneumatic device composing a closed case 
communicating with said receptacle and having 
a portion movable inwardly and outwardly to 
vary the volume within the case, a coil spring 
within the case, and a stud extending within 
said spring and serving as a guide therefor and 
as a stop tor the movable portion of the case. 


978,579. AIR-VALVE. Paut J. GREBEL and 
WILLIAM J. THEIS, Chicago, IIl. 

978,586. ROCK-DRILL. CHARLES A. HULT 
quist, Bisbee, Ariz. 

978,642. AIR-RESERVOIR FOR MINES. Pat- 
RICK QUINN, Forbes Road, Pa. 

978,645. PNEUMATIC SELECTOR FOR 


SHORT-WEFT LOOMS. HENry E. RATHBUN, 
Troreester, Mass. 
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978,935. MECHANISM FOR LIQUEFYING 
AIR AND SEPARATING SAME INTO OXY- 
GEN AND NITROGEN. James F. PLACE, 
Glen Ridge, N. J. 

978,937. COMPRESSOR. GEorRGE H. REYNOLDS, 
Mansfield Depot, Conn. 

978,981. ROCK-DRILL. 
Denver, Colo, 

$79,044. PNEUMATIC SPRING. 
STADELMANN, Los Angeles, Cal. 

979,164. KELECTROPNEUMATIC TOOL. JOHN 
TEN Eyck HILLHOUSE, New York, N. Y. 

979,165. COMPOUND COMPRESSED-AIR EN- 


GEORGE R. BENNETT, 


IGNATIUS J. 


GINE. CHARLES B. HopGeEs, Pittsburg, Pa. 
979,210-1. VACUUM CLEANING APPAR- 
ATUS. LEMUEL WILLIAM SERRELL, Plainfield, 


979,286. AERIAL NAVIGATOR. 
GorE, Tecumseh, Nebr. 

979,324. BLOWER OR 
MINER, Detroit, Mich. 


ROScoE C. 


PUMP. FRANK J. 


DECEMBER 27. 
979,435. VACUUM STEAM-ENGINE. CHARLES 
Comstock, West Stockbridge, Mass. 
979,436. VACUUM SUPPORTING DEVICE. 
JULIAN E. CorBIn, Alameda, Cal. 











x 



























































PNEUMATIC PATENTS, DECEMBER 20. 


978,648. SIPHON FEEDING MECHANISM. 
EpWIn A. KuHoapDs, Goodland, Kans. 
978,649. VACUUM CLEANING APPARATUS. 
LyMAN R. Roserts, Rutherford, N. J. 
978,749. CLEANING-MACHINE. JOHN N. 
Houuis, Macon, Ga. 
_ 1. An apparatus of the class described, a cas- 
ing, a motor supported upon the bottom of the 
casing, an air storage tank, a fluid receptacle in 
communication with the tank whereby the con- 
tents will be maintained under pressure, a pump 
communicating with the storage tank for sup- 
plying air thereto, a hollow rotatable tool shaft 
communicating with said fluid receptacle, and 
driven connections between the motor, pump and 
shat whereby the said pump and shaft will be 
simultaneously operated. 


DECEMBER 20. 


978,916. PNEUMATIC CLEANER. Frank J. 
MATCHETTE, Milwaukee, Wis. 


979,472. KFLYING-MACHINE. FRED GOEHNER, 
Buffalo, N. Y. 

979,579. UTILIZING WASTE HEAT OF COM- 
PRESSORS. FRANK SHUMAN, Philadelphia, 
Pa 


t. The mode herein described of utilizing 
waste heat of compressors, said mode consisting 
in causing the exhaust motive power fluid of the 
compressor engine to heat one portion of a 
power-developing agent having a relatively low 
boiling point, and causing the compressed fluid 
to heat to a higher temperature another portion 
of said agent. 

979,617. PNEUMATIC RIVETING - TOOL. 

CHRISTOPHER WEATHERSON, Chicago, III. 
979,788. VACUUM APPARATUS. Epwarp P. 
Noyes, Winchester, Mass. 

2. Vacuum apparatus comprising an auto- 
matie internal-combustion motor adapted to 
mechanically pump ifs combustion-air charge, 
an anteriorly-extended air-suction pipe having a 
plurality of suction inlets one of which is pro- 














5962 


vided with means for applying the motor suc- 

tion to the performance of external work, and 

throttle-valves for the respective inlets controll- 
able at will. 

979,837. CONDUCTOR’S VALVE FOR FLUID- 
PRESSURE BRAKES AND SIGNALS. CLYDE 
C. FarMeEr, Chicago, Ill. 

979,867. AUTOMATIC CHEMICAL AIR-LIFT. 
AuGust LoNnG, Bayonne, N. J. 

979,899. LINE-THREADING DEVICE. FRANK 
N. STEIGLEDER, Richmond, Va. 

1. In a line threading device, the combina- 
tion of a fluid pressure supply pipe having an 
opening therein and provided with a discharge 
nozzle, a brackét mounted upon the exterior of 
said pipe in proximity to said opening, a reel 
journaled upon said bracket, a line wound upon 
the reel and extending through said opening 
into the pipe and thence through the pipe and 
externally through the nozzle, and a traveler 
connected with the free end of said line, said 
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979,957. LIQUID-ELEVATING APPARATUS, 
GEORGE HARTFORD IRWIN, JOHN PERCIVAL CUL- 
LON, and FREDERICK KNOWLSON, Lindsay, On- 
tario, Canada. 

1. The combination with an air compressor 
and two compression tanks arranged to be sub- 
merged in a body of water, of pipes connecting 
each. tank with the air compressor, a flap valve 
at the bottom of each tank, a discharge pipe 
leading from each tank, a three-way faucet lo- 
cated on each pipe connecting the tanks with 
the compressor provided with suitable operating 
arms and designed to be one reversely set to the 
other, an independent pipe leading from the 
compressor, a controlling valve communicating 
with this pipe comprising a cylinder provided 
with an upward extension having a longitudinal 
passage-way with a central enlargement oppo- 
site the independent pipe and ball valve therein, 
and vertically disposed end passage-ways and 
double piston provided with a connecting rod, 


Fy om 
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traveler 


comprising a flexible stem carrying 
radially flexible disks. 


979,929. COMBINED AUTOMATIC AND IN- 
DEPENDENT RAKE. CHRISTOPHER P. Cass, 
Maplewood, Mo. 

979,938. AUTOMATIC EMERGENCY-BRAKE 
FOR. AUTOMOBILES. Emit EISELT, Balti- 
more, Md. 

1. An automatic emergency-brake for auto- 
mobiles comprising, an air-tank, an air-cylinder 
having its inner end communicating with the 
air-tank and havivg a closed outer end, a piston 
movable in said cylinder, a brake operatively 
connected to the piston, a passage communi- 
cating with said closed outer end, and an emer- 
gency-valve in said passage, said cylinder being 
provided near its ends with air orifices com- 
municating with the air-tank. 





and spindles having passage-ways leading there- 
through, tubular bosses formed on the ends of 
the cylinders into which the spindles extend, a 
pin extending from the connecting bar of the 
piston through a slot in the cylinder, an arm 
connected to the pin and a cross bar connecting 
the arms of the faucets to the arm on the pin 
and branch pipes leading from the cylindrical 
passage-way in the upper extension of the cylin- 
der to the faucets as and for the purpose speCci- 


fied. 

980,087. METHOD OF GENERATING HIGH 
TEMPERATURES. WILLIAM CHRISTIAN 
FINCK, Elizabeth, N. J. 

980,138. PNEUMATIC CUSHION FOR VE- 
HICLES. Georce J. BANCROFT, Denver, Colo. 

980,172. WINDMILL. Wrtitam P. Brett, De- 
eatur, Ill. 
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PORTER COMPRESSED AIR 


MINE AND INDUSTRIAL HAULAGE 























A Two-Stage Compressed Air Gathering Locomotive—one of twenty built for 
the Pittsburg-Buffalo Company. Wireless, Sparkless. Two-stage features add 
fifty per cent. to the efficiency and reduce the cost of installation, making our air 
haulage the most economical as well as the safest, cleanest, handiest and most 
dependable mine haulage in the world. 


address H, K. PORTER COMPANY, 1207 Union Bank Bldg., Pittshurg, Pa. 














LOCOMOTIVES 


OF EVERY DESCRIPTION 





Compressed Air Locomotives 


for Mine and Industrial Service 


BALDWIN LOCOMOTIVE WORKS 


PHILADELPHIA, Pa.. U.S.A. 


Cable Address—“BALDWIN PHILADELPHIA” 
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Machinery Manufacturers cannot cover the Coal Mining Industry 


thoroughly without using the advertising columns of 


NEW YORK: CHICAGO: 


42 Broadway. Old Colony Building. 


PITTSBURG CINCINNATI: 


Commonwealth Bldg. 117 East Seventh Street. 











McNab & Harlin Manufacturing Co. 


Your attention is called to the fact, that we have for 
many ae been specialists in the manufacture of EX- 
TRA HEAVY, HIGH PRESSURE and HYDRAULIC 
VALVES AND FITTINGS, and are especially equipped 
to turn out the goods in the most satisfactory manner, 
very promptly 

You will find these fittings illustrated in our 1909, roth 
edition catalog, copy of which we will be pleased to send 
upon request 

All of our valves are thoroughly tested and inspected 
before leaving our factory. 

We solicit your orders and inquiries. 





Si; 





Str esmon vet 50-56 John St., N. Y. 


SALESROOMSS 


Facrory | Paterson, N. J. 











CLASSIFIED BUYERS’ GUIDE 


Air Cylinder Oil. 
Atiantic Refining Co. 
Borne, Scrymser Co. 
Chicago Pneumatic Tool Co. 
Continental Oil Co. 
Fiske Bros’. Refining Co. 
Galigher Machinery Co. 
Standard Oil Co. 
Vacuum Oil Co. 

Air Lift Pumps. 
Chicago Pneum. Tool Co. 
Curtis & Co., Mfg. Co. 
Galigher Machinery Co. 
Harris Air Pump Co. 
Ingersoll-Rand Co. 
MecKiernan-Terry Drill Co. 
Westinghouse Air Brake Co. 

Air Gauges. 
Galigher Machinery Co. 
MecKiernan-Terry Drill Co. 
Westinghouse Air Rrake Co 





Air Receivers. 
Baldwin Locomotive Works. 
Bury Compressor Co. 
Chicago Pneum. Tool Co. 
Curtis & Co., Mfg. Co. 


Gardner Compressor Mfg. Co. 


Harris Air Pump Co. 
Ingersoll-Rand Co. 
Janney, Steinmetz & Co 
MeKiernan-Terry Drill Co. 
Pangborn Co., Thomas W. 
Porter Co., H. K. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co 
Westinghouse Air Brake Co. 
Air Tanks, 
Baldwin Locomotive Works. 
Bury Compressor Co. 
Chicago Pneum. Tool Co. 
Galigher Machinery Co. 
Harris Air Pump Co. 
Ingersoll-Rand Co 
Janney, Steinmetz & Co. 


MeKiernan-Terry Drill Co. 
Pangborn Co., Thomas W. 
Porter Co., H. “ 
Westinghouse Air Brake Co. 
Aftercoolers, Air. 
Bury Compressor Co. 
Chicago Pneum. Tool Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
MecKiernan-Terry Drill Co. 
Porter Co., H. . 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 
Belting. 
Republic Rubber Co. 
Edw. R. Ladew. 
Belt Dressings. 
Jos. Dixon Crucible Co. 
Blowers. 
Cameron Stm.Pump Wks,A.S. 
Chicago Pneumatic Tool Co. 
Galigher Machinery Co. 




















Repairs Consume Profits 


A Limited Water Supply Decreases the Output. 


Install a 


20th Century Air Pump 


and increase your water supply 50 percent. 


Easy to operate. Nothing to wear out. 


Write for Catalogue. 


Harris Air Pump Co. 


10TH STREET AND CANAL 


INDIANAPOLIS, IND. 
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: FLEXIBLE 
|METAL HOSE 


Climatic changes, steam, heat or oil 
i which shorten the life of rubber hose do 
A not affect AMERICAN METAL HOSE. 


METAL HOSE 


is used for Steam, Oil, Air, 
Gas, Suction or Conduit. 


AMERICAN 





Made in copper, brass, steel 
or special metal. 

We make interlocking, 
double and single groove 
constructions for various 
uses. 


TITTLE LLL Lee LLL LLL 










What are your hose 
requirements ? 


Tell us,and we will tell you 
what we can do for you. 





dehatshadahahabalalalaks 


INTERLOCKING 
CONSTRUCTION. 
4 thicknesses of metal 


Jelelelahalabalelehehe 


Catalog ‘‘B’’ sent 






















with asbestos packing on request. 











THE AMERICAN METAL HOSE COMPANY 
FACTORY: WATERBURY, CONN. 





<pETLELEL Elis . 
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THE ERIE UNLOADER—NEW STYLE 


For Single, Duplex and Multiple Stage 
Steam, Belt or Electric Driven 


AIR COMPRESSORS 





Maintains practically a constant air pressure, what- 

ever the requirement. Completely unloads and 

loads Compressor without shock or strain. 
Circulars on application to 


JARECK! MFG. CO., - ERIE, PA. 


ALSO COMPRESSOR GOVERNORS 











DRILLS—®°ck-HamMMER-—corRE 


—FOR ALL CLASSES OF WORK— 


AIR COMPRESSORS 


FOR FULL PARTICULARS WRITE 


McKIERNAN-TERRY DRILL CO. 


15 BROADWAY, NEW YORK CITY 








vie Ma sss 


EDWARD R.LADEW 


Sole Manufacturers 


HOYT'’S 


FLINTSTONE LEATHER 


BELTING 


82 FULTON STREET 
NEW YORK 


es 


Branches in All Principal Cities 
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THE DRUCKLIEB 
INJECTOR SAND BLAST 


APPARATUS 


WHY NOT USE THE 


POWELL Air Gun Valve 


FOR CLEANING STEEL STRUCTURES, 
CASTINGS, BUILDINGS. 


The 
Ohio 
Sand Blast 
Tumbling 
Barrel 


J, M. BETTON, 178 Washington Street, New York 


WRITE FOR “SANDCRAFT.” 
Sales Agents: Manning, Maxwell & Moore, Inc., New York, 
lroad and other Service. The J D: 
Smith Foundry Supply Co, Cleveland, Ohio. E. A. Kinsey 
Ohi anks o., New Orleans, La. 
& McUone, Inc., San Francisco and Los 
Angeles,Cal. Reeves & Skinner Machinery Co., gt. Louis, Mo. 
The Central Foundry Supply Co., Columbus, Ohio. The 
Frederic B. Stevens, Detroit, 
— Canadian Rand Co., Montreal and Toronto, Canada. Fen- 
Freres & Co., Paris, France. Consolidated Pneumatic Tool 
oon qn my Eng. Pneumatic Tool Co., St. Petersburg, Russia. 


Boston, Chicago, for Rai 
Co., Cincinnati, Ohio. The Fairb 
Harron, Rickard 


Caldwell Bros. Co., Seattle, Wash 


Agar, Cross &.C. Ltd., Argentine Republic. 


Blows your work bench, machine tool, in fact 


For everything, ggg clean. bs ps oo sarge is another 


Cleaning 


case of ‘‘Press The 


utton. rder a sample. 


ne The Wm. Powell Co., Cincinnati, 0. 





Small 
Castings TANK 
Gasoline Tanks 


For Automobiles and Motor Boats a Specialty 
Write for new Price List 


For Air Pressure, Oxy- 
gen and Hydrogen 








SEAMLESS STEEL, 
SHELLS AND SHAPES 


SPECIALS TO ORDER 
LEAKLESS-RIVETLESS 


JANNEY, STE'NMETZ & CO., = PHILADELPHIA | 











BRANCH-NEW YORK 








Blowing Engines. 
Cooper Co., C. & G. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
MecKiernan-Terry Drill Co. 


Brakes, Air. 
Westinghouse Air Brake Co. 
Channelers. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 


Charging Stations. 


Baldwin megeenstive Works. 
Porter Co., K, 

Coal Cutters. 
Chicago Pneumatic Tool Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
MecKiernan-Terry Drill Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 


Coal and Ore Elevator Buckets. 


Clark Co., W. J. 
Galigher Machinery Co. 


Compressors, Air and Gas. 


Bury Compressor Co. 
Chicago Pneum. Tool Co. 
Curtis & Co., Mfg. Co. 
Galigher Machinery Co. 
Gardner Compressor Mfg. Co. 
Harris Air Pump Co. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
Pangborn Co., Thomas W. 
Powell Co., Wm. 
Stearns- Roger Mfg. Co. 
Sullivan Machinery Co. 
Westinghouse Air Brake Co. 
Compressor Fittings, Air and Gas. 
Chicago Pneum. Tool Co. 
Galigher Machinery Co. 
Gardner Compressor Mfg. Co. 
Mason Regulator Co. 





Powell Co., Wm. 
Republic Rubber Co. 
Compressor Regulators. 
Chicago Pneum. Tool Co. 
Gardner Compressor Mfg. Co. 
Mason Regulator Co. 
Core Drills, Diamond. 
Sullivan Machinery Co. 
Core Drills, Diamondless. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
MecKiernan-Terry Drill Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 
Core Making Machinery. 
Pangborn Co., Thomas W. 
Corliss Engines. 
Cooper Co., C. & G. 
Galigher Machinery Co. 
Sullivan Machinery Co. 
Drilling Machines, Pneumatic. 
Chicago Pneumatic Tool Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
Pangborn Co., Thomas W. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 


Drill Sharpeners. 


Chicago Pneumatit Tool Co. 
Ingersoll-Rand Co. 
T. H. Proske. 
Dust Exhaust and Collector Systems. 
Pangborn Co., Thomas W 
Electro-Pneumatic Machinery. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Stearns-Roger Mfg. Co. 
Engine Room Appliances. 
Galigher Machinery Co. 
Fans, Ventilating. 
Galigher Machinery Co. 
Sullivan Machinery Co. 





Foundry Appliances. 


Chicago Pneumatic Tool Co. 


Curtis & Co., Mfg. Co. 
Ingersoll-Rand Co. 
Pangborn Co., Thomas W. 


Foundry Facings. 

Jos. Dixon Crucible Co. 
Graphite Commutator Brushes. 
Jos. Dixon Crucible Co. 
Graphite Crucibles and Retorts. 
Jos. Dixon Crucible Co. 

Graphite Greases. 
Galigher Machinery Co. 
Jos. Dixon Crucible Co. 
Graphite Paint. 


Galigher Machinery Co. 
Jos. Dixon Crucible Co. 
Hammer Drills. 


Chicago Pneumatic Tool Co. 


Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 


Hammers, Calking and Chipping. 


Chicago Pneumatic Tool Co. 


Galigher Machinery Co. 
Ingersoll-Rand Co. 
Oldham & Sons Co., Geo. 
Pangborn Co., Thomas W. 
Stearns-Roger Mfg. Co. 


Hammers, Riveting. 


Chicago Pneumatic Tool Co. 


Galigher Machinery Co. 

Ingersoll-Rand Co. 

Oldham & Sons Co., Geo. 

Pangborn Co., Thomas W. 

Stearns-Roger Mfg. Co. 
Helmets, Sand Blast. 


J. M. Betton. 
Pangborn Co., Thomas W. 
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Brown & Seward | || COMPRESSED 
AIR 


Theory and Computations 


An Engineer's Handbook 


By ELMO G. HARRIS, C. E. 


The book is thorough und accurate. Asa 
mathematical book it is made valuable by 
full charts, tables, formulas and problems. 
P ATENT Cc AUSES Brief and concise, it might well be regarded 
as an engineer’s handbook on this important 
subject. 


EDWARD C. SEWARD ROBERT B. SEWARD 
E. CLARKSON SEWARD — 








PATENTS 


and 





136 pages, 6x9, illustrated, $1.50 (6s 6d) 
net, postpaid. 


OFFICES: FOR SALE BY 


The Compressed Air Magazine Co. 
261 Br oadway : : NEW YORK 11 Broadway, New York City 
































E 
a I ni d i G Some machinery buyers never look 


beyond first cost. ‘They live and 
buy in the present. 

OW « i’ Wise buyers look ahead—and know 
that earning power is more im- 
portant, in the long run, than price. 

When you buy Ingersoll-Rand Compressors, Channelers, Rock 

Drills, Plug Drills and Core Drills, you buy machines built 
with an eye to the future. 

They are not “‘low priced’‘ machines, but they have the earning 


power which makes them low cost machines. 
Which is more important—low price, or low cost? 


INGERSOLL-RAND CO. 


11 Broadway New York 


SEE PAGE 7 FOR LIST OF OFFICES 
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Engineering -Contracting 


tells how all classes of work are done so as to save money and 
make money, and it gives itemized prices covering every detail of 
the construction. These are taken from the private records of men 
having charge of the work and are reliable and 


Methods and Cost 


periodical and the only one of its kind in the world. 
regularly (and in nearly every case the files are kept for perma- 
nent binding) by more persons interested in engineering construction 
than read any other single periodical—Price $2.00 for 52 issues. 


SAMPLE COPIES—FREE 


Engineering-Contracting 


355 Dearborn Street, Chicago 


valuable. Thisisa 


It is read 




















































Hoisting Machinery. 
Galigher Machinery Co. 
Lidgerwood Manuf. Co. 
Sullivan Machinery Co. 

Hoists, Air. 
Chicago Pneumatic Tool Co. 
Curtis & Co., Mfg. Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
MeKiernan-Terry Drill Co. 
Stearns-Roger Mfg. Co. 

Hose Coupling and Clamps. 
American Metal Hose Co. 
Chicago Pneumatic Tool Co. 
Clazvk Co., W. 


Cleveland Pneumatic Tool Co. 


Curtis & Co., Mfg. Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
Sprague Electric Co. 
Sullivan Machinery Co. 
Westinghouse Air Brake Co. 


Hose, Sand Blast. 
Pangborn Co., ne Ww. 
Hose, Steam and A 
American Metal” "Hose Co. 
Chicago Pneumatic Tool Co 
Curtis & Co., Mfg. Co. 
Galigher Machinery Co. 
Goodrich Co., The B. F. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
Republic Rubber Co. 
Sprague Electric Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 
{njectors. 
Penberthy Injector Co. 
Locomotives, Compressed Air. 
Baldwin Locomotive Works. 
Galigher Machinery Co. 
Porter Co., H. K. 
Lubricating Graphite. 
Jos. Dixon Crucible Co. 
Galigher Machinery Co. 
Lubricating Greases. 
Borne. Servmser Co. 





Fiske Bros’. Refining Co. 
Galigher Machinery Co. 
Lubricating Oils. 
Atlantic Refining Co. 
Borne, Scrymser Co. 
Continental Oil Co. 
Fiske Bros’. Refining Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Standard Oil Co. 
Vacuum Oil Co. 
Lubricators. 
Powell Co., Wm. 
Magnetic Separators. 
Pangborn Co., Thomas W. 
Meters, Air. 
Ingersoll-Rand Co. 
Metric Metal Works. 
St. John, G. C. 
Mining Machinery. 


Chicago Pneumatic Tool Co. 


Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 


Motors, Air. 


Chicago Pneumatic Tool Co. 


Galigher Machinery Co. 
Ingersoll-Rand Co. 
Stearns-Roger Mfg. Co. 

Nozzles, Air and Sand. 
Curtis & Co., Mfg. Co. 
J. M. Betton. 

Pangborn Co., Thomas W. 

Oil Cups. 

Galigher sagnery Co. 
Powell Co., 

Ore Concentrating rN 
Galigher Machinery Co. 
Stearns-Roger Mfg. Co. 

Pile Drivers, Pneumatic. 


hicago Pneumatic Tool Co. 


Galigher Machinery Co. 
Ingersoll-Rand ‘Co. 
MeKiernan-Terry Drill Co. 





Pipe Joint Compound. 


Galigher Machinery Co. 
Jos. Dixon Crucible Co. 


Plug Drills. 
Chicago Pneumatic Tool Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Oldham & Sons Co., Geo. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 


Pumping Systems, Pneumatic. 
Bury Compressor Co. 
Curtis & Co., Mfg. Co. 
Galigher Machinery Co. 
Harris Air Pump Co. 
Ingersoll-Rand Co. 
MecKiernan-Terry Drill Co. 
Stearns-Roger Mfg. Co. 

Pumps, Air. 

Cameron Stm. Pump Wks, A. 8. 
Chicago Pneumatic Tool Co. 
Galigher Machinery Co. 
Harris Air Pump Co. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
Stearns-Roger: Mfg. Co. 
Westinghouse Air Brake Co. 


Pumps, Pneumatic Displacement. 
Chicago Pneumatic Tool Co. 
Galigher Machinery Co. 
Harris Air Pump Co. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
Stearns-Roger Mfg. Co. 
Westinghouse Air Brake Co. 


Pumps, Steam. 
Cameron Stm. Pump Wks, A. §. 
Galigher Machinery Co. 
Stearns-Roger Mfg. Co. 
Westinghouse Air Brake Co. 


Quarry Machinery. 
Bury Compressor Co. 
Cameron Stm. Pump Wks, A. 8. 
Chicago Pneumatic Tool Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
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SELF-DRAINING 


AUTOMATIC 


25 years’ experience in injector 
construction has made the Pen- 
berthy Automatic the world’s most 
efficient boiler feeder. 


PENBERTHY INJECTOR CO. 


RE-STARTING 


INJECTORS|| | 


Over 625,000 of these injectors 
have been made and sold during 
the last quarter century. 


ze A copy of our new magazine “‘ Injector 
Talks,’’ will be sent free. 


& Detroit, Mich., U. S. A. 




















SECOND EDITION, REVISED AND ENLARGED 


COMPRESSED AIR PLANT 


THE PRODUCTION, TRANSMISSION AND USE OF COMPRESSED AIR, 
WITH SPECIAL REFERENCE TO MINE SERVICE 


By ROBERT PEELE 


Mining Engineer and Professor of Mining in the School of Mines, Columbia University 





As compared with the first edition the size of the second edition is increased 174 pages and the illustra” 
tions increased 97 figures. The price is advanced from $3.00 (12s 6d) net) to $3.50 net (15s net). 


. For sale by The Compressed Air Magazine Co., Il Broadway, New York City 








Co. 
4. 8. 


Co. 


A. S. 
Co. 








Oldham & Sons Co., Geo. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 

Reducing Valves. 

Mason Regulator Co. 

Rock Drills, Air and Steam. 
Chicago Pneumatic Tool Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
MecKiernan-Terry Drill Co. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 

Rock Drills, Electric-Air. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
Stearns-Roger Mfg. Co. 

Sand Blast Machinery. 

Curtis & Co., Mfg. Co. 

J. M. Betton. 
Ingersoll-Rand Co. 
Pangborn Co., Thomas W. 

Sand Blast Systems. 

Pangborn Co., Thomas W. 

Sand Handling and Conveying Ma- 

chinery. 
Pangborn Co., Thomas W. 

Sand Riddling Machines. 

Chicago Pneumatic Tool Co. 
Pangborn Co., Thomas W. 

Stone Tools, Pneumatic. 
hicago Pneumatic Tool Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
Oldham & Sons Co., Geo. 
Stearns-Roger Mfg. Co. 
Sullivan Machinery Co. 

Tools, Pneumatic. 

Chicago Pneumatic: Tool Co. 
Galigher Machinery Co. 
Ingersoll-Rand Co. 
McKiernan-Terry Drill Co. 
Oldham & Sons Co., Geo. 
Pangborn Co., Thomas W. 
Stearns-Roger Mfg. Co. 











The “OQLDHAM” 


CHIPPING }}AMMER 


o~ 








, combines efficiency, 
durability and simplic- 
ity; consequently is 


‘‘The 
Ultimate 
Tool’’ 


where these salient 
features are recognized 


oa 
Geo. Oldham & 


Son Company, 


FRANKFORD, 
PHILA., Pa. 


Manufacturers of Pneu- 
matic Tools and 
Appliances. 
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“a per cae we ena Dixon’s Pipe 
per cent. iviore C00 Ing J * 
oint Compound 


than the 
Surface Orit 
double 
acting compressor. will be found better than red 
It means less fric- 


tion, less power or white lead for the making 
required, less 


oil, fewer adjust- up of all threaded connections. 
4 ments, higher 
»\ volumetric effic- . ~ : . 
cmey anil-avery Dixon’s Compound is a lubri- 
foot of air com- 
Saaeed .coote cant rather than a cement and 

less. . ° : 
ies so not only assists in making 


In Means Curtis 
Compressor 
Efficiency 


tight joints, but permits of 
easy disconnection. 


Tell us how much air you need and let us quote you. Booklet 188-D free on request, 


Curtis & Co. Mfg. Co. JOSEPH DIXON CRUCIBLE COMPANY 
1590 Kienlen Ave., ST. LOUIS, Mo. Jersey City, N. J. 


























For the Lubrication of Air Compressors 


OILS OF SUPERIOR QUALITY 


Are Required. 


“Aeroil?? ana “*Paragon’’ 


AIR COMPRESSOR OILS 
Are Superior Oils. 


AIR and STEAM CYLINDER and VALVE 
DRILL OILS OILS 


—— MADE BY —— 


BORNE, SCRYMSER COMPANY 


80 South Street, NEW YORK 
FALL RIVER PHILADELPHIA 
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a The ST. JOHN 





INDICATING AND RECORDING 


> AIR METER 


Measures “All of the Air” at 
all Pressures and Temperatures. 


SEND FOR BOOKLET 


THE ACCURACY OF THIS 
METER IS GUARANTEED. 


G. C. ST. JOHN 


140 Cedar Street 
New York 








Qestcott Proportional Meter 


WITH SPONGE DIRT AND MOISTURE COLLECTOR FOR MEASURING AIR 


In Any iy y > \ At Any 
Volume up f < » 4 Pressure up 
to 4,000 ON og Vi to 500 Ibs. 
cubic feet SE CPT square 
per minute va — i Yaa \ inch 

















—— MANUFACTURED BY — 


Metric Metal Clorks : : Grie, Pa. 
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“Chicago Giant” 
ROCK DRILLS 


Keller Stone Tools 


Surfacers 


Plug Drills 
Hammers, Etc. 


A full line of accessories. 





Too 











SPECIAL PRICES on CARVING TOOLS 





well and favorably known to need 


special comment. 


MANUFACTURED BY 


CHICAGO PNEUMATIC TOOL COMPANY 


CHICAGO 


Branches Everywhere 


NEW YORK 








WESTINGHOUSE 
Air {% 
Compressors 


The best small air compressors 
made for service where extreme 
simplicity, minimum weight, 
extraordinary durability and 
low maintenance cost are gov- 
erning considerations. By mod- 
ifying the standard sizes of air 
cylinders, a wide range of ser- 
vice is afforded. 


Our publication No. 9012 
illustrates many interesting 
applications of Westinghouse 
Compressors, and contains 
valuable tables of useful in- 
formation for users of com- 
pressed air. Send for it. 


Westinghouse Port- 
able Compressor. (Air 
Cylinder smaller than 
Steam Cylinder.) For 
High-Delivery Air- 
Pressures. 


The Westinghouse Air Brake Co., 


PITTSBURG, PA. 


Chicayo St. Louis 
Hamilton, Ontario. 


New York 
Canada: 





Bury Compressor Company 
ERIE, PA. 
NOISELESS AIR COMPRESSORS. 














A Triumph in Pneumatic Engineering. We solicit } 


your inquiries. 


Highest in 
Efficiency, 
Durability 
and 
Reliability. 


Lowest in Cost 
of Maintain- 
ance and 
Operation. 


Noiseless in operation, valves designed 
to operate with minimum amount of shock 
and wear. Only machine equipped with 
New Improved Patented Noiseless Cushion 
Poppet Valves. 





Our Corliss Valves are Equally Superior. 





Above shows Machine equipped with 
Bary Patented Automatic Pneumatic Force f 


Feed Oiling System. 
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